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preservice elementary teachers • cognitive responses on their 
attitudes toward energy conservation; (8) the validation of the 
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enrollment during high school and college concerning achievement, 
participation, and sex differences among students; and (10 > an 
examination of the predictive validity of various tests for success 
of women in a National science Foundation career Facilitation 
q Project. Two responses to the critiques in this issue are included. 
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rMortPri L \°rl begins with three miscellaneous studies. That 
ref?nlent y InSTJti*? a * describes the development, revision and 
ore JJJES'.fHSni J Va 1da T 10Tl "* an instrument to assess 
Monk 's tun! ?f y teachers Process orientation toward science. 
SLc S 5 y 1S , a com P ari son of the effectiveness of three different 

?2 Series" Z }%l %tU #? S ^ eS ? Pr ° V1 ' de d "ly data po ts fo a 
fISoS UioJiItJJ I*!. ! m ! S S T tUdy WaS done t0 determine underlying 

thSe fa??o!s 2f5? B W Ii h K StUde ! tS inter6St in science ^d to see f 9 
tnese factors differed by gender and race. 

The next section contains three sturiipc ro i a t^ * 
research HsrHinn riV y ce stuaies related to misconceptions 
researcn. Hackling and Treagust attempted to identify concents ™h 

L7h P ,°n! ° nS / eC ! SSary f0r grade 10 s t'dents to comprehend ?he 
mechan sms of inheritance and to see which of these cnnrentJ L 
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critiqued. Koballa examined the effect of pre-ervice element*™ 
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^u»vcy in unemistry (50SC), an existing student attitudP cr^ip L 

compared cross-national data collected'usinf thli mJXSJS! ' 
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Hinchas Tamir, Hebrew University, Jerusalem. 

Purpose 

The purpose of the investigation was to describe the development 
revision, refinement, and partial validation of an instrument to 
assess preservice elementary teachers' "process orientation toward 
science." This construct is defined as the ability to 
recognize/identify the basic and/or integrated science process skills 
consistent with their application within and contribution to an 
emergent understanding of the nature of science. 

Rationale 

An understanding of the nature of science has been considered a 
primary outcome of undergraduate study in science. The inability of 
undergraduate coursework to foster such an understanding has been 
especially observed with respect to preservice elementary teachers. 
However, some researchers claim that the problem may reside in the 
inadequacy of the instruments used to assess the preservice teachers' 
understanding of the nature of science. Some of the instruments used 
(i.e., Kimball's Nature of Science Scale) are too sophisticated for 
this audience and others (i.e., Wisconsin Inventory of Science 
Processes) are not sop/iisticated enough. Therefore there was a need 
felt to develop a new instrument which will meet the special needs of 
preservice elementary teachers. 
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Research Design and Procedure 

Two inter-related processes are de^bad- n i.ni • ■ 
devest „f the instruTOnt> and 2) iu C - Nation 

An initial poo, of 60 Ukert-type (1 . strongly disagree, 

L 7 Z agres} "~ " as deve,oped * the «"*<><■• »*« *«. 

t*. fr. three existing jnstrurents . The new (nstruTOnt / entn , ed 

Process Orientation Toward Science Scale fPOTssi a 1 ■ 
vaHrf»n„„ ■ • u.ence ucaie (KUTSS ), underwent rigorous 

validation, revision and refinement Th„ ™, • 

their findings are summarij aTfoilows ' ^ 

1- Content validity was determined by a pane, of judges. Their 
eva,ua ion resulted in a 40 Hem (nventory cons(stent „, 

the validation criteria. The Scott's coefficient of 
interr.'ter reliability was 0.79. 

2- The 40 item version of POTSS was field tested by 
administering the instrument to 27 perservice e,e TO ntary 
teachers and analyzing the data, interna, consistency (alpha) 
was found to be 0.86 Fift a *n <* vaipna; 
thp« mS Were •"■rtnated since 
these items had item to total correct.™ * i 

3 Tho „ .. 1 corre 'ation of less than 0.30. 

■ 2 fodidir ion was content an ^- d » - - **- 

a) 19 items were judged as directly stating a science 
process ski,,, while for 6 iteis the ski 1, was judged 
as easily inferred; 



12 items were judged as measuring basic process skills. 



b) 

and 12 as measuring integrated process skills; 
CJ 1 -tern was judged as measuring attitude towards teaching 
by inquiry. y 

4 ' teacher"? TT '" W °" " P — « 

mot, T C ° effiCtent ° f °- 83 a " d 

'tem to total correlations. 

5. Predictive validity was estabJished by correlating the POTSS 
scores with the performance of the presence teachers (final 
course grades) in a science process skills course. The 
correlation was 0.57. 
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6. POTSS was administered to three samples: 1) undergraduate 
biolog* majors; 2) preservice elementary teachers; and 
3) preservice secondary science teachers, 

Since the biology majors had taken a course in the 
history and philosophy of science it was hypothesized that 
POTSS scores (both total and individual items) would follow 
from high to low in the following order: biology majors 
preservice secondary, preservice elementary. The comparison 
of average ranks of the three groups showed a highly 
(statistically) significant difference in the predicted order. 
The same conclusion applied to 22 individual item comparisons. 
The remaining three items required further consideration. 
A varimax factor analysis of the pooled results of the three 
samples mentioned in item 5 above (N = 106) yielded two 
factors, one corresponding to basic skills and the other 
corresponding to integrated skills. Seven items possessed 
insufficient factor loading values, and hence, required 
further consideration with regard to their inclusion and use. 



Interpretation 



The authors concluded that the POTSS discriminates in the 
expected direction among groups; however, the test statistics are not 
conclu S1 ve. Hence, they recommend that the instrument be administered 
to larger samples in a variety of situations in order to determine its 
generalizable worth. Two important implications of the study are: 
1. it cannot be assumed that by teaching preservice elementary 
teachers the processes of science they will necessarily 
understand the underlying philosophical constructs/tenets; 
preparation of teachers to teach process oriented programs 
should incorporate an orientation to the underlying 
Philosophical tenets inherent to these programs. 
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in spue of the statlu.ca, notations, POTSS appears ready for 

* " 3 — « of preserve e,en*ntary 

teachers' process orientation toward science. 



ABSTRACTOR'S ANALYSIS 



•^^Tj^^ry ,ss - *— 

tor. the has s for te c n Lc " """""""^ which 

»83). The need for an Instrument to measure this kind of 

"Process orientation ♦ J C ° nStrUCt wh1ch the * "11 

ess orientation toward science " whirh ^ Q a *. 
ahiiit„ f« alienee, which they define as "the 

anility to recognize/1 dentifv ha«,r .nH/ 

cihh • uennry basic and/or integrated science Drocp« 

the items nf pnT« / u- . orientati on. Examination of 

«* «u i n ; c h :;::r:;v n the aruc,e) ,nd, - tes tto 

would fit tat*, c Scientific Processes (UNSP) 

laTto etn istenT: rthT T ,t,0n " " h " - « 

-erstand;:; r^r^rrr:" to an 
nseiT:^!; ;;r h r A9ain - - :::: : ~ 

as a I ' t0 an ° ther qU6St,0n: S,n « P0TSS «« -'ended for'use 

specif.c sk,„s measured by each Item? The authors descrthe 
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in great detail the validation process, which is acceptable. However, 
users are at least as interested in the kind of information that may ' 
be obtained, beyond a total score. For example, items 2, 6, 12, 19 
deal with the nature of observation; similarly, items 1, 8, 11 \ 7 2 1 
deal with classification. Thus, it may be useful to form subtests' 
according to the particular process skills, thereby obtaining profiles 
in addition to total scores. 

Although the authors feel that POTSS is especially adequate for 
preservice elementary teachers, other existing instruments such as 
TOUS (Cooley and Klopfer) may be no less suitable. This can be tested 
empirically by comparing results obtained with the two instruments 
The difference between "basic" and "integrated" process skills 
poses another problem. For example, why will item 23 (modern 
scientific measurements are presently so accurate they contain no 
source of error) be considered "integrated" and item 19 (scientists 
should reject data and observations from an experiment if their 
observations cannot be replicated in the next experiment conducted) 
will be considered "basic?" 

The authors suggest that the results of the factor analysis 
support the distinction between "basic" and "integrated." However, we 
really do not have the detailed results of the factor analysis. We do 
not know, for example, if the authors asked a priori, for two factors, 
or whether only two factors have emerged just on the basis of the 
actual correlations. Also, using only 106 respondents to factor 
analyze 25 items is usually not recommended. If P 0 TSS can be 
administered to at least 250 individuals and the results submitted to 
factor analysis, we shall be in a better position to search for the 
meaning of any clusters that will be formed. 

Regardless of the particular instruments which may be used, the 
importance of assessing understanding of process skills and their 
underlying constructs/tenets is certainly high. If accompanied with 
pertinent experiences, such as the use of adequate instructional 
materials like the module Basic Principles of Sc ienti fic Research 
(Friedler and Tamir, 1987), this assessment may h^Tin training 
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teachers to teach process oriented science courses .ore effective.. 
Finally, the real validity test of an instruct such as POTSs'is 
e exten to which it is capahle of prepictino the actual 

l°i : a , c 9 sciMce by inqufry and "~" t, "« «» 

of process skills in pupils. Tn to«t »m. 

r ^ 10 test thls we need studies which w',1 

follow graduating preserve f Sarhare u , cnw "' 
th . , y ^service teachers who have responded to POTSS in 

tneir classrooms and observp their ,i ■ . 

erve tneir act ual instructional activities. 
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Purpose 

The purpose of this study was to compare the effectiveness of 
three different methods of pooling student scores to provide daily 
data points for a time series analysis. 



Rationale 

This investigation was tied to a set of studies conducted using 
time series analysis to investigate progress toward cognitive and 
affective goals. Although the time series approach offers an 
innovative method for investigating progress, it presents some new 
problems as well. One problem is how to obtain daily measures of 
content and/or attitudes without disrupting the entire learning 
process. The suggested solution is to have each student in a class 
complete one test item, randomly selected from all of the available 
items, each day. The single item approach keeps the amount of class 
time spent on testing to a minimum. In order to represent daily, 
class scores, however, these single item scores must be aggregated in 
some way. Since few data were available on the effect of different 
approaches to pooling students' scores, this study was designed to 
compare the results obtained by using three different methods of 
pooling. 
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Research Design and Procedure 



The data used for this studv were n*r+ n f , i 
w ac n u P 0f a 1ar 9 er P ro g r am which 

a tl. s ries approach. ,„ th1s larger study, data were gathered 
during three phases; baseline, interventien, and follow-up. This 
study uses on, y the data gathered during the intervention phase. The 
; J : ; 1M e ' 9hth «"* - >35 ninth grade students taught b, 
t o d f erent teachers. The students were divided into three group 
on te as,s of their scores on the Test of Logical Thinking. Th 

telr " ere randM,y ^ a "* « » «- on plate 

The individual test He* data for each day of the intervention 
Penod were pooled using each of the three methods under 
investigation, and the results obtained from each ™thod were 

ZZu t T ° f P00 ' in9 " 3S t0 a — («) ^ 

averaging the single subiect «rnr at 
. . * y suoject scores. The second method of poolina the 

smgle^tem-per-subject measures was to calculate a dlfflm it! 

Tn ^ calculate a difficulty score 

S . „ th ,s method the average difficulty of the items responded to 
f,cu, t ,es were derived post hoc fro. an item analysis o the entire 

pooling produced a Rasch score (RSI in vm. ... . 

e In th's method the daily qrouD 

score was adjusted for both item difficult. ,„h „ •.• ■ 
ability using the Rascb formula. "'^ " SUbjeCt 

Least squares regressions were conducted by teacher and by 
log cal th,*,„, group b, teacher, using the scores obtained fro. each 

poo ,ng method. The pooled scores obtained from each method IZ 
d ar , ^ ^ ^ 

that the pooled scores had similar overall means and therefore 
ompan S o„ s were made of regression slopes, regression residuals and 

e 772 7 ned - Add,tionaUy - to dete ™- — 

o y " t0 " day P0 °' inS TOth0d - -gn 

nd slope were exam,ned for differences and pairwise multiple 

validity of the regressions, the data were examined to assess the 
degree of autocorrelation. 

1 r~ 
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Findings 



The graph of the daily scores obtained from each of the pooling 

methods and the regression results showed little difference among the 

methods. Additionally, the tests for auto-correlation were negative 

and none of the pairwise comparisons of regression parameters showed 

significant differences. The day-to-day sign and trend comparisons 

also revealed that no pooling method consistently produced results 
d if ferent from those obtained fay any ^ 

the pairwise multiple regressions showed that only 4 of the 48 R2 
changes obtained for each pooling method when added to each other 
method were significant, and that these few differences exhibited no 
consistent pattern. 



Interpretations 



For these data it appears that any one of the three pooling 
methods would be acceptable, since the method of pooling had no 
significant effect on the analysis results. These data, however, were 
somewhat unique in that they did not exhibit any daily difficulty 
trends and in thac each group of students had taken the same set of 
daily items. Other researchers have found that when there are daily 
trends in item difficulty, analyses completed on data pooled using the 
MS method produce different results than analyses completed on the 
data pooled using the OS method. Further, if students from both 
groups did not receive the same set of items on each day, the Rasch 
procedure would be the only method that could provide valid pooled 
scores. For these reasons, and for the theoretical support it adds, 
the Rasch pooling method was suggested as the method of choice. 
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ABSTRACTOR'S ANALYSIS 



This is a very cohesive report of a well designed measurement 
study. The author poses a practical measurement question: "How 
should daily scores be pooled?" and uses science education to answer 
it. Appropriate and rigorous statistical techniques are used in the 

11 

16 



ana lyse s, and the author is careful to not over-extrapolate from his 
findings. Further, he is particularly adept at providing intuitive 
descriptions of some of the leSS common analyses to help the reader 
understand what purpose each statistical test serves The 
comprehensive statistical testing produces an almost overwhelming 
amount of tabular data - six tables and one figure in nine pages ~ 
but it is presented clearly and is all relevant to the study goals. 

The paper is a little unusual in that it is strictly a 
measurement study. It reallv mnt^'nc 

t . . k y 1 really contain s no science education content. 
It does, however, serve a very real need for the science education 
research comity. The time series approach to science education is 
reasonably new (Mayer and Lewis, 1979) and very few researchers have 
tried to incorporate it into their research designs. The technique 
needs to have more exposure in the literature and the various details 
of how to practically Element this type of design need to be worked 
out. This paper does just that. 

A serious problem in the dally He™ approach utilized for time 
senes data collection is how to pool the data, and the author 
Presents and tests three alternative solutions. In the spirit of a 
measurement study, however, the author may have been better off 
generating contrived data sets to represent the biases that night 
occur and then showing the effect of the pooling method. This would 
have eliminated the problem of finding no difference between ra thods 
and then havmg to say things like; if the daily items exhibit 
difficulty trends, the pooling methods do produce different results 

IIT'2 !° r 3Uth0r tryln9 10 SW ° rt the «• ° f the 

a c method of pooling scores (something I agree with), but his data 

set did not provide the opportunity to fully demonstrate the 

flexibility and superiority of this method. 

Another valuable addition in the measurement vein would have been 
a more ,n-depth discussion of the Rasch pooling. The author did do a 
brief presentation of the Rasch formula which was consistent with his 
succinct style, but since Rasch modeling is also a fairly uncommon 
approach ,n science education research, more explanation would have 
been helpful. Of particular value would have been an actual example 
of how such pooling would br done, incorporating advice on how to 

'hterpret the logarithmic values. Also, a sentence or two about the 
neunnie support(ng ^ ^ q . ^ ^ ^ 

beneficial . 12 - 



The time series approach offers a rich new technique for science 
education research, and this study helps to make the approach more 
accessible. This and other science education studies using the time 
series approach may be combined to confirm the validity of this 
technique. Mayer and Lewis (1979) conducted one of the first science 
education studies using this technique and in doing so they pointed 
out some of its advantages and its feasibility for research. Mayer 
and Kozlow (1980) compared the use of daily one-item tests with daily 
three-item tests and in doing so further demonstrated that this data 
collecting procedure could be used for measuring concept 
understanding. Mayer and Rojas (1982) reported that the frequency of 
testing (daily) had no effect upon the measurement of achievement and 
thereby curtailed criticism of the technique on that account. Willson 
(1982) provided an excellent discussion of the time series technique 
and provided an example of formal analysis using Mayer and Kozlow's 
data. Most recently, Farnsworth and Mayer (1984) demonstrated the 
effectiveness of the time series approach in differentiating among 
students of different reasoning levels. 

Although, as shown by these studies, the time series approach 
appears to have great potential, there a^e still some limitations. 
There are some difficulties in quantifying comparisons, e.g., 
comparing correlations and examining graphs, in obtaining sufficient 
numbers of data points to meet theoretical concerns and in accessing 
appropriate software. Further, none of the studies have as yet 
actually used the technique to answer science education research 
questions. The studies, like the one reviewed here, have focused on 
measurement and validation issues. More directed science education 
investigations are needed to adequately demonstrate the feasibility of 
this approach and to encourage its use by science education 
researchers. 
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Thomas, G E "Cultivating the Interest of Women and Minorities in 
70 (1): ffis!" ?nd Science '" Sc ience Education , 

S^iK°2"^ ] * Ck ? ; Femdles; Higher Nation; High 
*Raf?*f ; n^ henHtlCS *f ducat1on; * Perfo ™ance Factors; 
*S R ? C ud:nt Dl In? e restr ; ^ """'^ * Se * Di ^rences; 

Expanded abstract and analysis prepared especially for I S E bv 
Marsha Lakes Matyas, Office of Opportunities in Science American 
Associate for the Advancement of Science 5cience > American 



Purpose 

The purpose of the study was to determine "...what underlying 
factors are associated with students' interest in mathematics and 
science" and whether these factors "differ for men and women or for 
blacks and whites" (p. 32). Specifically, it was hypothesized that 
the following variables would be positively and significantly related 
to students' interests in mathematics and science: academic 
achievement, encouragement from significant others to pursue 
mathematics and science, early interest in math/science-rel ated 
hobbies, and high educational aspirations and occupational goals. 

Rationale 

The data used for this study were derived from a larger study of 
students' college major choices and career orientations. Tne current 
study was based up , n the weaUh Qf research invest . gat . ng an(j race 

differences in science and mathematics interest, achievement and 
participation. Specifically, the author details current knowledge of 
the relationships between interest in science and mathematics among 
females and minorities and the following factors: academic 
performance in mathematics and science, exposure to adult 
mathematics/science role models, encouragement to pursue college 
math/science majors, teacher praise for academic success, childhood 
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interests fn science hobbies and careers, educational aspirations 
occupational expectations, and participation in high school 
science/math clubs. 



Research Design and Procedure 

This non.experi.enta! study utilized a mailed survey with two 
folow-ups. The survey was mailed to junior and senior undergraduate 
students coring in a wide variety of science and non-science majors 
t one of eight South-Atlantic colleges and universities. Select 
Procedures for the initial sample were not detailed further. Over 1 
response rate was 43% (N = ? 0461 a i.. 

were blank tut\- h- . •„ large proportion of respondents 

«e black (44%) ; d,stnb Ut 1ons of respondents according to sex and 
college major field were not given. 

Pro»ideVi„? i0n t t0th ° Se VanaMeS Hst6d ear,ier > Participants also 
prov, de mfomatnon on parental incon* and education, high school 

and scence grades, and race/sex of high school math/science 

he „ theSe ' atter VanableS ^'snificantly -elated to 

dependent variables and. therefore, were not included U furt r 
data analyses. 

All independent and dependent variables were assessed by sir.gle 
tens; most utlmed either , djchotMous o ^ J 

Likert-type scale. High school grades and SAT scores were 
self-reported and occupational expectations were coded by Duncan SEI 
score, .either reliability nor validity data were provided 
of the variables. J 
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Findings 

not detail?"' ,Bt,Mt - were 

hot detailed ,. the study due to space constraints. Rather the 

author chose to utilize multiple regression analyses as "an 

exp oratory and comparative technique as opposed to a causa, and 

ned,ct,ve method for examining variable relationships" (p. 35). 

Separate regression analyses were conducted for the total sample. 
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Science interest. Regression analyses for each group indicated 
that early interests in science hobbies, early aspirations to be a 
scientist, and encouragement in science were related to science 
interest at the high school level. Few differences were found between 
males and females and between black and white students. For the total 
sample, neither race nor sex were significant factors in high school 
science interest. Percent variance in science interest explained by 
the equations ranged from 45% to 50%. 

Mathematics interest. The equations for mathematics interest 
explained considerably less variance in expressed interest (16% to 
22%) than did those for science interest; according to the author, 
this was primarily due to the failure to include measures of childhood 
mathematics hobbies and career aspirations in the survey. In each of 
the five equations, mathematics interest in high school was positively 
related to mathematics encouragement, high school grades, and 
participation in high school mathematics club. For the total sample, 
higher SAT scores were also related to greater mathematics interest 
and race was a significant variable as well. 

In sum, the findings confirmed the hypothesized relationships 
between mathematics and science interests in high school and academic 
achievement, encouragement, and math/science hobbies, but did not 
confirm a significant relationship between mathematics/science 
interests and either high occupational goals or educational 
aspi rations. 



Interpretations 

The author indicates that, although the study is exploratory, it 
has "important policy implications": 

- Since interests appear to develop at an early age, 
encouragement at home and at school must begin during preschool 
and elementary school ; 

- Programs to increase mathematics participation, interest 
and skills may be more effective if instituted at the junior 
high school level, rather that at the high school level; 
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- Informal participation in mathematics through math clubs 
and other programs should be encouraged, especially for 
minority students; and 

-Further data should be collected on a national scale at both 
the junior and senior high school levels in order to increase 
the generalizability of the current findings. 



ABSTRACTOR'S ANALYSIS 
Thomas's study seeks to expand our understanding of the factors 

i: r b t 9 s :: d scie 7 and mathematics ^ - - «* - ° 

level. The study includes many of the factors known to be related to 
science and mathematics interests amnn related to 

, . . . interests among women and minorities and their 

elusion ,„ the study is wel justified oy the author in the rev £ 
previous research. Ultimate!*, the study reconfi.s some of the 
fi*,*. ,„ prevlous literatur ^ wUh a diffepent 

-ver, the strength of these findings and their generalizab " 0 
populations are somewhat limited by the methodoloqy employ 
Specifically, the following questions must be raised- 

U ^^^^ results? Since the 

sample was selected for a study of col7^o~r choice, 
data for the current study reflect junior and senior 
college students' retrospective look at their high school 
attitudes and perceptions. This strongly limits the 
validity of accepting the results as indicative of the 

actual perceptions of junior and senior high school students 
and of us1ng the results to just . fy strateg . es stud ^ ts 

at the junior/senior high school levels. 

Second, although the initial sample of students who 

received surveys included both science and non-science 
majors, the composition of the final respondents (in terms 
of primarily science or math-related majors whe have oeen 
interested in science/math since elementary school (for 
example), then the validity of generalizing to junior/ 
senior high school students who have little interest in 
science and math is, again, questionable 
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2. How did the instrument influence the study results ? 

Since the respondents were asked to complete and return the 
survey voluntarily, the survey length was, of necessity, 
brief. However, then single items (with no estimates of 
reliability o.- validity) are used to assess attitudes and 
perceptions, extreme caution should be used when 
interpreting results, generalizing findings, and 
suggesting actions based on those findings. 

The measurements of the dependent variables point out 
how a single item assessment potentially can confound 
results. The dependent variables for the study were 
"interest in high school science" and "interest in high 
school math," yet the two items used to assess these 
interests asked students to indicate "...the extent to 
which they like high school mathematics and science" 
(p. 35). The assumption is that "interest is equivalent 
to liking," yet these perceptions may be influenced 
differently by in-school factors (such as the quality and 
style of individual teachers, the quality of available 
facilities and equipment, and the curriculum) and out-of- 
school factors (such as clubs, extracurricular activities 
and jobs, family activities, and hobbies). In sum, the 
exclusive use of single item assessments in the survey 
instrument may limit the validity of the findings. 
3 * How were res ults interprete d? Understandably, space 
constraints prevented the inclusion of item means, 
standard deviations, and inter-item correlations. However, 
an indication of the extent of inter-item correlation would 
have been useful since beta-weights were interpreted as 
though the independent variables were not signi fi-.antly 
intercorrelated. If inter-item correlations were large, 
direct comparison of beta-weights may not have been 
warranted. 

Finally, the author suggests a variety of intervention 
strategies. These are all well-grounded in previous research and are 
supported by the current findings. As the author suggests, it will be 
necessary to reconfirm the current study findings with a younger 
sample of students. 
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Hackling, Mark W. and David Treagust. "Research nata Harazcaru <r^ u * , 
Review of Grade Ten High ScL, CnScfS IcurMc la?» e "X„,%^2™£ 
in Science leaching . 21 (2): 197-209 1984 — »>.s>.arv... 

?!L C h1n!; 0r *r C0 ? nitiV c Devel0 P m ent; Concept Formation; Concept 

S en 9 nst uct!on. : Curriculu *: glance Education esearch; 

science instruction; Secondary School Science 

St'anrord SnlversU^" PrePared eSpeCial " f ° r '- S - E - * *"9.1o Collins, 

Purpose 

The research reported in this article has two stated purposes. The first 
is to identify which concepts and propositions are necessary for students to 
comprehend the mechanisms of inheritance at the level of sophistication of 
meaning expected of grade 10 high school students in Western Australia. The 
second is to identify which of the inheritance concepts and propositions are 
most frequently not understood or misunderstood and therefore limit students' 
understanding of the mechanisms of inheritance. 

Rationale 

In the literature review, the study is placed in the framework of research 
on students' misconceptions in science both before and after instruction. 
References are made to research in students' misconceptions in science to 
research in teaching and learning genetics, and to a study that identifies 
student misconceptions in genetics prior to instruction. 

Research De si gn and Procedure 

As would be expected from the purposes of the research, the study has two 
Phases, in the first phase, the identification of concepts and propositions 
necessary to comprehend inheritance, three lecturers in science education 
identified such concepts and prepared concept m aps. These concept maps and the 
Teachers Guide for the Lower Secondary Science Genetics topic from the 
Education Department of Western Australia were analysed to identify a sequence 
of 18 propositions which would lead to an understanding of inheritance. For 
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chart, V Potion is that the danism of inheritance passes 
ch racteristics of papents tQ offspMng dun . ng ^ t ^ ■"»•« 

Propositions were cross-validated by tertiary ls cturers in genet cs and 
secondary biology teachers. genetics and 

The second phase of the stnHu n, n i.-*. 

Lne stud y. the identification of the concent* 5 „h 
propositions most frequently not under<tnnH concepts and 

three steos t„. h / understood or misunderstood by students, had 

understanding of p ^:;' f 7 ^ 

-iosis, ferti,i 2 ation, and „ 3 0 ^- concepts - inheritance, >ocus, 

*ough three iterations of ^ " TjT r^™ "* 

questioned students about su ideas oh!' °™' 
validity of the interview . " pr0 P° sU( °" s - Content 

-a.idet d 18 o o . r n "I enSUr6d ^ re,ian " " P "* , "" , » 

- ins twn t p : r n ;r; r tained by the eva,uau ° n ° f 

of a set of f igures shoun t0 stud ' n P • Tta <"»r U «„. consisted 

questions on cards that were d th State " entS ,nd pr ° b( ^ 

quired students t pp h u 1 ! T^""'' ° f * ^ 

When students were asked L " nderStand ^ * explain a novel situation. 

- .-iLttrt::;: ;;rr of any k ^ - - - 

Forty-eight students in grade 10 (15 vean f 
and from 13 different «m. , } r ° m S1X differ ent schools 

- «• Eac „ .nter'v, 9 : j::;::: focused on the "* chan( « 
-as ^.mr^ir ;;: a ;a each of the -~ * «• 

responses was coded rn. ™ P ' Wd a " d " ch ° f tlle "Cents' 

coded. There were four possible categories for coding students' 
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responses: comprehension and/or application, recall, lack of knowledge, and 

misunderstanding. The reliability of the -oding procedure was determined by 

both interrater and intrarater reliability. The judgement of the primary 

investigator coded some data on separate occasions, 96% of the student's 
responses were scored identically. 

Findings 

A table presents the results of the data analysis. The table consists of 
six columns: 1) the concept or proposition number; 2) the statement of the 
concept or proposition presented as a series of subideas; 3) the percent of 
students able to comprehend the subidea of the concept or proposition- 4) the 
percent of students able to recall the subidea of the concept or proposition; 5) 
the percent of students who were inconsistent, contradictory, or unable to 
recall or comprehend the subidea of the concept or proposition; and 6) the 
percent of students whose respor es in the interview indicated they 
misunderstood the subidea of th concept or proposition. 

Two statements summarize the data. First, less than 25% of the students in 
the study fully comprehended eight of the propositions considered essential for 
understanding genetics. "Fully comprehend" means that a student did not 
comprehend at least one of the subideas of the concept or proposition. Second, 
nine mi sconceptions were identified as being held by 25% or more of the students 
in the sample; three of these misconceptions were held by more than 50% of the 
students. 

Interpretations 

The discussion of the results of the study is presented in four sections: 
1) the idea of inheritance; 2) the influence of genes and environmental factors 
or the development of individuals and their features; 3) alternate forms of 
genes and the role played by chance in inheritance; and 4) the pairing of genes 
and chromosomes, and the separation of gene and chromosome pairs during meiosis. 

In some instances the discussion includes possible explanations for the 
data. For example, one explanation for the high percentage of students able to 
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comprehend four of the propositions is that these propositions couid have been 
earned from the experiences the students had with their own families 
Propositions that high percentages of students were not able to comprehend were 
more „ k e, y to be related to abstract phenomena, students having d re 
expenence with a phenomenon was also offered as the explanation for why a 
19 her percentage of students was able to comprehend propositions abo 
v,ronmen a, causes of features than about genetic causes. ,„ anot 

percent of the students were unahl. r„ ! smv-five 

hao the same denes L t ! Prehend ,h,t d1fferent °f "Hi 

the same genes - that students did not understand the role of mitosis in 

growt and nor did the y understand the nature of gene relation. 

ConsTderable discussion is given to the Hiff* .«.■ 

aivcn to tne difficulties studpntc haH i n 

,e teaching of ^T^JT^,?^. 

For exampu 7ZT ^ ^ "~ ^ <° other studies. 

9ene o c 'in r T" ' " »- 

-nt understanding in genetics IducJI in^ 2~ in Z "stl 

idea t aV I? 0 '" 5 *" ^ ^ Hussion were a 

'dea that the sperm carnes the genes for half the features found in an 
offspring, while the egg carries the „,h.r u ,« • 

and that students find , , c ° „ " ' " ' ^-^rstanding. 

Hn . . y dirnc ult to explain the meaning of the terms 

dominant, recessive, and blending inheritance. 

Lastly several important implications from the stud y for teachers and 
curnculum developers are presented. First, the 18 propositions provide a 
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framewonc for planning instruction and evaluating curricula. Second, that the 
common misconception that gametes carry pairs of genes and pairs of chromosomes 
might be less prevalent if a concrete genes-on-chromosome model was used for 
teaching genetics. Third, that phenotypic ratios be de-emphasized in the 
teaching of genetics as they have little relevance for human genetics. Fourth, 
that mitosis be taught in the context of growth and development. Fifth, that ' 
students' ability to comprehend the mechanisms of genetics is limited by the 
abstract nature of the concepts and the extent to which teachers can illustrate 
the nonperceptible attributes of these concepts. As a result of the low level 
of comprehension of students in Western Australia, and similar difficulties in 
other English-speaking countries, the issue of the suitability of teaching the 
mechanisms of inheritance to grade ten students is raised but not discussed. 

ABSTRACTOR'S ANALYSIS 

Several articles about studies in teaching, learning and problem-solving in 
genetics were published between 1980 and 1984. In addition to this article and 
the references to the research of Stewart (1980) and Stewart and Dale (1981) 
made in this article, there were other articles on students' difficulties in 
understanding genetics. For example, Johnstone & Mahnoud (1980) identify 
student problems with probability, the meaning of the term dominance, and the 
relation between chromosome behavior in meiosis and gene behavior in 
inheritance. Kinnear (1983) describes the student misunderstanding of 
probability in genetics as being deterministic probability. Other studies 
include those by Longden (1982), Peard (1983), Radford and Bird-Stewart (1982) 
Stewart (1982), and Tolman (1982). In light of this research, the results of ' 
this study are not especially new. 

What makes this article most difficult to review now is the research 
findings about undprstandi ng and teaching genetics that have been published 
since 1984. A small number of researchers have continued to explore problems 
associated with student understanding in genetics and solutions to these 
problems. Included in this group are Collins (1987), Hildebrand (1985) Jungck & 
Cailey (1985) Kinnear (1986, 1987), Smith (1984), Simmons (1987), and Stewart 
(1988; Stewart & Dale, 1987; Thomson and Stewart, 1985), as well as Hackling 
himself (1988). 
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about? 7 ° f ^ ° n " g0,nS r " MrCh in tMchf "° genetics Is the concern 

f * are USM <"tercha„ g e ab , y . The tenm 
ot used at .„ „ th e amde. ret the relationship of trait to variation s 

precise use of language, there arp nn c^h 

HraijBa . M , y * ere are "° such thl "9S as dominant genes. There are 

dominant alleles, or allplpc t-h a f „ a mere are 

ahn ho ' 3lleleS that produce dominant variations. Language has 

;:"-rxr M throu9h rany ~ ° f ~ ~ 

Although fn the introduction the stuWw n1 

nn uLuion tne study is placed in a framework of 

alternate conceptions, the language used in the arHH* acc 

, e artl cle assumes a Piaaetian 

framework. For example, a reference ic ma w Q * ^gecian 
Ra , „ u rererence is made to concrete operational thinkina 

IT y " P ' aCed ^ aUernate C0Kn fr "- ' « * 

^ °< students after ij t , 

2 7 : " fS ~ , °- of students prior to instruction 

h c If „ ' " Kar9b0 ' H ° bbS ' " d Er1CkS0 " < 198 °>- -nders 

»h.ch ,f any, misconceptions are the result of instruction 

One question about the validit-v r.f ^ ■ 

sequence of ein„,„.„ va " du J' ° f th « "udy ,s the identification of the 

sequence of etghteen proposn,ons a student needs to comprehend to understand 
he mechamsms of inheritance. Despite the knowledge and experience of 

nee e ucators, the authors of the Western AostraHa Teacher's 
ert ary lecturers in genetics, and some secondary biology teachers, th 
o le ge structure of the Panics of inheritance is too complex o reduced 
sequence of 18 propositions. Reducing the content knowledge of th 

« r ;;r this ,ist ba e ™ - 

science educator, 11 SeqUen "- the * ha » e the 

k g ' h dra " 3 C0nC6Pt " aP " iS * "-»"•" representation of 

t e de^t ' y '° br6ak ^ ° r °^itions ««* sudideas to analyze 

student responses. This may be indicative that a „st of propositions s 
not a„ adequate representation of the knowledge needed to understan 
mec an,sms of inheritance. Another reason to question, the valid ty 0 the list 
» ^e obv,ous absence of concepts, both alone and situated in 
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usually associated with understanding the mechanisms of inheritance. Such 
concepts include homozygosity and heterozygosity, and segregation and 
assortment. Lastly, with the acknowledgement that much of their knowledge may 
be tacit and that they may speak jarqon, it would seem necessary to ask 
geneticists to contribute to a listing or mapping of their area of expertise. 

Although some may question the validity of the research because of the 
smaller number c* students in the sample, the number is adequate for the 
research design. The design is appropriate to answer the research questions. 

There are two aspects of the written report that are unclear. One is the 
nature of the genetics being taught. In one place it is stated that the topic 
focuses on mechanisms of inheritance and applications of genetics to medicine 
and agriculture. Later, it is suggested that chance is not important because it 
is difficult to understand when referring to human genetics. It would be very 
helpful to be able to see a list of the subtopics included in genetics in the 
Teacher's Guide. 

Second, it would be helpful to the reader to be able to trace a question in 
the Inheritance Concepts and Proposi t1o„s Interview, through some samples of 
students responses, to the assigning of a code and the identification of a 
misconception. For example, I would be interested to read the phrasing of the 
question and the student responses that provided the link between the 
proposition that chance determines what genes/features the baby will have and 
the misconception held by 25% of the students that all children produced by a 
pair of hybrid parents will have the dominant trait. It is noteworthy that, 
although the student misconceptions were derived from the interview, there is 
such unanimity of misconceptions. The origin of these common misconceptions is 
worth studying. 

The report concludes by raising the issue of the suitability of teaching 
the mechanics of inheritance to grade 10 students. In this article, it is shown 
that grade 10 students have not been successful in comprehending eight of 18 
propositions essential for understanding the mechanisms of inheritance. It is 
further stated, in the discussion and implications section of the written 
report, that this situation exists because students are unable to comprehend the 
propositions. It is further stated that students cannot comprehend genetics 
because they are limited to concrete operational thinking. In other words, the 
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problem is the students'. However, it may also be that the students brought 
misconceptions to the course of study which were not addressed and therefore 
persist. Or the students may not have been taught the content in a manner that 
was clear and expbcit and allowed them to build meaningful knowledge 

However, as mentioned previously, the problem ma, be with the propositions 
It may be that the complexity of the knowledge required to understand the 
mechanisms of inheritance was not considered in the design of curriculum and 

; : ** t C0 " inS - "««•> » »■ also possible that the problem may 

be problem of instruction. It should not be unexpected that students who have 

a in Vr . SUbjm ^ 3 faShi °" "* »* f «"y Or, 

t u I'" ' Ceftain CMCePtS -V not have been 

t Also, t e lack of precise language used in the written report may be a 
eflection of a lack of precise language in the Teacher's Guide or in the 
language u5e d in instruction. Cho, Kahle, . Nordland (1985) have indicated that 
o e source o student misconceptions „ the lack of precise language used in 
tax books, it is important in research on student misconceptions to be sure 

h i t -ST f the miSC0nC6Pti0n (S the "»*«•■ 'ack of understanding and 
not the result of ,„accurate or inadequate instruction of complex content 
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Ch °' H H S H Si J « ne , 8utl ? r 5f hl , e » and Flo * d H - Norland. "An Investigation of 
•l 9 ^ r S ^°°J T ! xt books as Sources of Misconceptions and Jiff cSlMes 
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Education; 'Science Instruction; Secondary Education; 'Secondary 
Scnool Science; Textbook Content; Textbook Research ' eCOndary 

Expanded abstract and analysis prepared especially for I S E bv n^iH a 
Stronck, California State University, Hayward. * ' 

Purpose 

The purpose of this article is to make recommendations for the reduction of 
students' misunderstandings of genetics that are occasioned by inadequacies in 
the most commonly used high-school biology textbooks. Teachers are encouraged 
to design more appropriate instructional materials." 

The hypothesis presented is that genetics is considered to be difficult by 
secondary-science teachers and high-school students because the most commonly 
used high-school biology textbook, promote many misunderstandings. Several 
studies (e.g., Finley, Stewart, & Yarroch, 1982) are cited to provide evidence 
that genetics is considered difficult. Most of the article by Cho, Kahle and 
Nordland is an explanation that the textbooks inadequately present many 
concepts. This explanation suggests to the reader that the students will become 
confused and therefore will assume that genetics is difficult to understand. 

Rationale 

The authors use the term "misconception" to identify "any conceptual idea 
whose meaning deviates from the one commonly accepted by scientific consensus." 
Several studies have identified misconceptions in genetics and attempted to 
ascertain the sources of these difficulties. Fisher (1983) and Stewart (1982) 
reported that students may understand individual concepts but fail to relate 
between and among them. 
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Tolman (1982) observed that students frequent^ misunderstand the 
relationship between a pair of alleles and chromosomal movement in meiosis He 

recommends that textbooks should include in th» Hie , • * • . 
_ , . "'ciuae nn tne discussion of meiosis the terms 

conmonly assorted with genetics (such as do.1n.nt. recessive, homozygous 
e enozygous genotype, and phenotype). similarly Ugden (1982) observe(i [ hlt 
e stu e„.s (1) fan to ne,ate tne timing of chromosomal division with that of 

om replication, and also (2) fail to re i,t. h 

. . 0 rel «e homozygous or heterozygous alleles 

with dominant or recessive traits. aiieies 

Students often have difficulties with solving mathematical prohlems of 
genetics Kinnear (1983) described most of these problems as coming from the 
stu ents treatment of "genetic ratios as deterministic rather than 

f fa,' 't <M4) - f3i ' t0 * PP " """" " Pol- 

and fail to recognize the probabilistic nature of meiosis 

The authors summarize the major learning probUm in ' genetics (identjfjed 

y previous research studies, under the foUowing four categories: "A. 

onceptua organization, particularly sequencing of topics; B. Conceptual 

relat.onships; C. Use of terms; and 0. Mathematical events." 

Research Design and Procedure 

The research design is to assess the most widely used high-school' biology 
e books for the four categories of misconceptions identified above. The 
following three texts were considered because they were used by more than 

" ,1c ,T. StUdentS in hi ^^ basses (Hurd, et a,., 1,80): 

e' e , ^ EC °'° q,Cal A PPr " arh i6SCS " 1978 »- < 2 > B101091..1 
ciences. An mouiry into Mfn (8SCS, 1980); and (3) Modern Biology (orrn 
Towle, S Bradley, 1981). ^ ' 

Findings 

The authors conclude that the four major categories of student 
misconceptions were found in each textbook. The textbooks are the source of the 
misconceptions for students because the textbooks are the curriculum for most 
science courses (Hurd, Bybee, Kahle, S Yager, 1980). 
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A. Conceptual Organization. 



All of these textbooks treated meiosis and genetics in separate chapters. 
There is no assistance to relate meiosis with genetics and the genetic material 
of chromosomes . 

B. Conceptual Relationships. 

None of the textbooks show when and how chromosomes doubled to form two 
chromatids from each of the homologous chromosomes. Nor did any of the 
textbooks relate homozygous to dominant (and heterozygous to recessive) in terms 
of alleles. The three concepts of (1) chromosomal division, (2) alleleic 
segregation, and (3) independent gene assortment are discussed in different 
parts of the texts without any attempt to interrelate them. None of the 
textbooks say that more than one gene may be responsible for a trait. 

C. Use of Terms. 

All of the textbooks use the terms allele and gene interchangeably. Only 
one of the textbooks provides the current understanding of the gene-polypeptide 
relationship adequately. All of the textbooks describe the term mutation with 
such adjectives as "rare," "harmful," and "recessive." Modern Biology describes 
all mutations as harmful to individual organisms. 

D. Mathematical Elements. 

All of the textbooks give the Punnett square as a mean of solving problems 
involving two or more traits. But none mentions the limitations of using the 
Punnett square or relates it to the random segregation of chromosomes and 
independent assortment of genes. All of these textbooks encourage a rote 
procedure with the Punnett square, leading to the likelihood of .ssuming perfect 
and fixed ratios. None refers to the events which form the basis of the 
predictions with an emphasis on probability. 



3 S »8 



interpretations 
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The authors propose a variety of ways to improve the treatment of genetics 
in textbooks: yer, etl cs 

A. Conceptual Organization. 

The assimilation theory proposed by Ausubel , Novak and Hanesian (1978) 
recommends proceeding from the generalized concept to more specific 
and erefore from genetics to meiosis to chromosome theory. The 
should stress linkage among the concepts. instruction 

B. Conceptual Relationships. 

only 1T1 S 66 t0 d0Ve '° P ^ adM "« d «* sophisticated concepts 

s ZZ SCienti """- V «™ -'"'"-hips amon 3 redoctional 

c t'h " 9 : e9at '° n ' 96ne dSSOrtTOnt - T " tb °° ks »- * "ate 

»e defied ,„ su ch a way as to emphas.ze relationships: alleles, gene DNA 
chromosome, trait, gamete, and zygote. For examole ,„ ,, , 

,,„„„ „- „. jrsui>=. ror example, an allele is best defined 

one of he many possible forms of a gene." A gene is "a segment of DNA o a 

I""' S - ete h " - "-'«. »d, therefore, one allele of a 



gene. 
C- Use of Terms 



The analyzed textbooks used interchangeably the terms allele and gene. The 
correctly define these terms and correct the errors of the textbooks. 



0. Mathematical Elements. 



None of the textbooks discusses the limitations of osing a Punnett sdoare 
or the probabUity approach to solving genetics problems. Teacher s n d 
presen the probability approach in order to show correctly bow g amet a 
involved in genetic crosses. q g 3 
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ABSTRACTOR'S ANALYSIS 



In recent years there have been many excellent studies done in the area of 
misconceptions and difficulties in learning. Studies done in physics pioneered 
this area, e.g., "Problems in Understanding Physics (Kinematics) Among Beginning 
College Students - with Implications for High School Courses" (McDermott, 1982) 
and "Conceptual Development Research in the Natural Setting of a Secondary 
School Science Classroom" (Minstrell, 1982). These studies in physics clearly 
demonstrated how preconceptions can block learning. 

The article by Cho, Kahle and Nordland mentions preconceptions but does not 
demonstrate that the difficulty in learning genetics is from '.he students- 
preconceptions. This article describes that the difficulty with genetics comes 
from errors and confusing oversimplifications in the textbooks. The greatest 
mistake found in the textbooks is the omission of relating terms among the areas 
of reductional division, allelic segregation, and gene assortment. The most 
widely used high-school biology textbooks may be described as an encyclopedic 
collection of unrelated and unclear definitions. 

An excellent summary of errors in textbooks is found in A Conspiracy of 
Good Intentions: America's Textbook Fiasco by Harriet. Tyson-Bernstein (1988) 
She observes: "Textbooks have gradually lo st overall coherence. Even important 
top 1C s are treated so skimpily that a beginner often fails to get the point 
Under current selection procedures, those responsible for choosing the best 
among available books seem blind to the incoherence and unreadabil ity of the 
book because they are merely ascertaining the presence of the equired 
materials, not its depth or clarity. It is therefore more profitable for 
publishers to include everything in the 'bid-specifications' of ten or fifteen 
major market areas, whether or not students can actually get any pleasure or 
meaning out of the text." 

During the last year, a new monthly publication, Bookwatch . has been 
providing detailed reviews of textbooks. In general, the reviews have condemned 
textbooks as encyclopedic lists of unrelated and incorrectly defined terms. For 
example, Lawrence Swan (1988) found Heath Life Science 1987 "loaded with errors 
misleading omissions, and confusing inconsistencies." Cho, Kahle, and Nordland' 
have found the same problems i,. the treatment of genetics by three textbooks. 
They have contributed to the growing literature that condemns textbooks' 
incoherence and failure to develop concepts. 

40 



The National Science Foundation (NSF) well recognizes the disaster ,„ 
textbooks and has attempted recent., to change the situation through the 

iZuuZZ' This pr09rM requ,res the deve '°^ nt ° f ^ 

P ,T C0 ° Perat,Ve 6ff0rtS ° f thfee 9P0UPS: (1) 3 " laJor nationa, 

nd TT ^ SCi6nCe edUC "° rS ' " d ' 3 » ~ >™<^ 

he NSF funded e,ght projects for the development of elementary-schoo, 
curriculum materials. 

the cr;" 1 ' the °t sca,e corporat, ° n has - Hhdram fr- 

t e Fu, Optton Scence System" although it orginally committed $2.4 million to 
this TroUa project, other publishers are now showing resistance r„ m, """ , . t ° 
-« Tro, ka plan. T „e publishers are forcing the "f t IZT' 

school's : r rams f ° r * — - <- ™ - 

scnools ,n 1990. Pubhshers seen, satisfied with the incoherent textbooks that 
ot o CC r unt „ the schools demand the type of revisions suggested by the NSF 

rr s and teachers thr °*° ut °» -«« 

Higher quality of textbook for science courses. 

Cho. Kahle. and Nordland provide the following solution to errors and 
-coherence ,n the biology textbooks: "Identification of [the] sources of 

-concerns for students] should allow teachers to design m re " te 
n r uct , 0 , Baterfa)5 .„ Unfortunate)y so]uUon J » 

ass mes that most classroom teachers have the knowledge, time and ski t 

^L»H Hord, 8 y bee , Kay1e> s yager> 1980) expujned 

know ed " ™" SCien " C,aSSr0 « be "- e '« "-hers have the 

how edge. t,« and/or skills to produce their own materials. Some science 

u r tory activities to ^ - « ™« - - 

stud Ma " ab,e '° WPite th6ir ° m te * t5 - -en units of 

errors ,n the textbooks. There is a significant number of biology teachnrs „h„ 
omu te,ching genetics because they find the entire subject con u!i tt 
themselves and their students. 
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Certainly we need better textbooks in biology. One major problem blocking 
the improvement of textbooks is the refusal of scholars to become involved in 
writing them. Harriet Tyson-Berstei n (1988) has described "The Academy's 
Contribution to the Impoverishment of America's Textbooks." She defines this 
impoverishment as "topic glut, term mongering, name dropping, the indecent 
exposure of facts, and deadly prose." She explains that "real" scholars do not 
write textbooks because it is not considered "intellectual work" and does 
nothing toward getting tenure or promotion. Writing a textbook may prove 
harmful to an academic career. Mike Keedy, executive director of the newly 
formed Textbook Authors Association, has called this syndrome "publish and 
perish." Our national crisis with textbooks demands that universities adopt new 
policies toward the tenure and promotion of textbook authors. Perhaps 
leg 1S lation will be needed to provide external pressures for change on the 
universities. Ideally officials in the universities will realize that writing 
coherent, clear textbooks tor high-school science is a difficult intellectual 
work. 



The textbook enterprise in the United States is very complicated. Ideally 
reform should start with demands from the science teachers. Unfortunately few ' 
teachers will read the article by Cho, Kahle, and NoMland or similar articles 
in Science Education, especially because the style of the article is 
unattractive to most teachers. The conclusions and recommendations of the 
article seem few and scattered through much dense prose. University professors 
who will be writing new textbooks should carefully read such articles and use 
the recommendations for the development of improved curriculum. 
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Arnaudin, Mary W. and J. J. Mintzes. "Students' Alternative Conceptions of The 
Human Circulatory System: A Cross-Age Study." Science Educati on, 69 (5): 

721-733, 1985. ' V ' 

Descriptors—Acadennc Achievement; *Biology; *Cardiovascular Systen; 
College Science; *Concept Formation; Elementary School Science; 
Elementary Secondary Education; Higher Education; Prior Learning; 
Science Education; Science Instruction; Secondary School Science 

Un?^it abS r? Ct 3nd analysis P re P ar ed especially for I.S.E. by John E. Pemck, 



Purpose 



This study examined conceptions of the human circulatory system as held by 
students at various grade levels from five through college. 



Rationale 



Based on the work of Selman and others (1982), this study looked at 
alternative explanations of cardiovascular concepts. Students are assumed to 
develop concepts about their environment, providing a rationale and consistent 
view. Many of these concepts, while being sensible, are not congruent with 
expert knowledge. But, since these alternative concepts are developed by the 
individual student, based on a personal interpretation, they are difficult to 
displace, even in the face of powerful evidence and teaching. Our ability to 
teach students accurate concepts provides one measure of success for our 
educational system. 



Research Design and Procedure 

Beginning with a naturalistic, constructive phase, the study progressed on 
to a validation phase. During the constructive phase, 25 fourth graders and 25 
college freshman were. trained in concept mapping. Then, given a list of eight 
cardiovascular concept labels such as heart and blood vessel, each of the 50 
constructed a concept map of each label. 

Using the maps as a basis for questions, students were then individually 
interviewed to determine their level of understanding on five cardiovascular 



9 

ERIC 



41 dd 



concepts. These private interviews, lasting about 25 minutes each, provided 
additional data when students were asked to discuss various cardiovascuiar 
phenomena. 

From these data, the researchers constructed student alternative concepts 
those which were not scientifically acceptable. Alternative concepts were ' 
developed into a conceptual inventory providing 15 questions and response 
choices for a pencil and paper test instrument. Four of the items were 

le o demonstrate confidence in the answer. A panel of experts reviewed a 
items for agreement with the various concepts and alternatives as we,, as fo 
wor , ng « ing . F ,. e]d testjng wjth co]]ege Mq m 

Alpha reliability for internal consistency to be 0.62. 

During the second phase, 495 students, divided approximately equallv amend 

: ir; i e T r e - tenth rade - n 

co e e f r e S hman/b,o,o g y majors completed the 15 item inventory. Al, s bje ts 
wer from „„e state university and nearby public schools in North Carolin . 
Analysis focused on response frequency by educational level. 

Findi ngs 



In general, it was evident that more education does provide better 
congruence with accepted concepts. But, the frequency of alternative, incorrect 
esponses was quite high at al, ,.„„. For jnslance , on , y m „ ^ 
freshman/biology majors correct,y reported the hu*an heart to have four chambers 

more than 10* report the heart to be a solid organ. Only 20, of those 
biology majors were aware of the double circulation pattern; ,„„y tw(ce as 

many, when asked "what path does the hi nnd t,t, a u« , 

^ aui aoes ™e blood take when it leaves the heart?", 

Preferred 'heart-iung-toe-heart,' students' confidence in their answers 
widely and had little relationship to -he accuracy of the response. 

Interpretations 

wide/";? 6 freqU6nCieS ° f SeVer3 ' (nC ° rreCt «" «" vary 

widely, the authors agree with prior research which indicates that concepts are 
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difficult to change. Where there did appear some evidence of progressive 
learning, the authors felt the changes were "neither logical nor predictable." 

In analyzing the concepts, the researchers note some, such as "function of 
the blood," probably require less restructuring of ideas than a concept such as 
"closed circulatory system." Part of this stems from the more readily 
accessible and concrete nature of some of the concepts. They further point out 
hat teachers and texts may fail to emphasize the concepts which are least 
likely to change. Yet, they cite evidence that these concepts are amenable to 
change when confronted directly, especially as discrepant events. 

Teachers who are aware of alternative concepts as held by students are in 
an excellent position to change them. But, they must establish a nonthreatening 

environment where ideas can be exDressed pat-hor fh» ■ • ■ 

ue expressed. Rather than ignoring prior concepts, 

we must use, build on, and revise them. 

ABSTRACTOR'S ANALYSIS 

The authors' final statement, that "when students' prior knowledge is 
ignored, science is viewed as abstruse, difficult, incomprehensible, and 
irrational," reveals a major problem in educatlon-our assumptions about the 
learners. Although no one believes in the Tabula Rasa hypothesis anymore, we 
often teach as though our students are, in fact, blank slates. 

Arnaudin and Mintzes, in this paper, add a significant piece to the 
accumulating evidence of the extent of student misconception. By using a range 
of students from age 10 to 19 and a reasonably large sample size, we have a very 
nice picture of several progressions of concept development. This fits well 
with most prior studies which show that student concepts are rarely as we would 
like. While much of this is intuitively obvious to anyone who has seriously 
questioned students, it is important to document differences between student 
conceptions (even after instruction) and those we wish them to have. 

In the arena of documentation, these researchers have done well by 
following the lead of Selman, Krupa, Stone and Jaquette (1982). In doing so, 
; hey help reveal both a technique, the structural-devel opmental TOd el , and new 
an compelling evidence. This model, often US ed for instrument development 
allows researchers to not only see concepts (via maps) but to follow up on ' 
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ideas pursuing the. until fi„ di „ 9 Keak pofnts and 
student concepts may seen sound the <l(nora„ ... 

seri»< „» „ T I- sngntest cognitive stress induced by a 

er es of good questions win reveal voids, causing the concept, especially 
those developed verbally alone, to crumble (Almy, 19M) . ' 

The methodology of the studv is nno n f 
$ . , uay 1S one of lt; s fine points and would be worthv 

of analysis for many endeavors Certain^ i„ y 
re , Mrrh fh . * Certainl y» m addition to being a way to do 

research, this same mode would bp nnita ■ , 

Knfh f * , q beneficial to a teaching situation 

both for students and teachers As i-^rhorc 110 ' 

..««. our inappropriate as,. , ' u" ^."^m"? ** " 
concepts while teachers continue to pro^ 'we, " * * „ * 
eff ctive teaching. As students, the evidence is strong that we lea n hen 

: it unexpected events ^ ^ «-« -« - — * a 

assimilated into our scheme of explanations. 

Validity is always a problem in a study such as this vith 
a ™,ti P ,e choice format, one _ k J f „ ^^TJT 

— P.ace in the validation £ "I J ' h T i * *" 

;i:;;o:r s ::; t F : for ~- v - »s - 

suction is, what does blood look lii^o? 11 

liouid" while «. „ • y r « s P° od e d that blood is "a red 

nquid while the desired resDonsp u/^c n ■ 

Few chose thK nrr Ce " S ' n 3 "".-colored liquid." 

1 , reSPOnSe- And ' ' 00k1ng " the lotion, what 

o Id one answer? Seen with the naked eye, blood a "red liquid", n t " „s 

cementation that ideas are wrong. While the numbers interview „ , ess 
exp anations wil, yield a richer variety and a better basis for as ' 

:r:::;: z: ] T w r er ° f — - ~ <~ 

•or use with large numbers of subjects. 

Since this research focuses on conceDts anH a ii f Qa u 

i-wntepts and all teachers are concernpH with 
teaching concepts, this research holds much potential for laboratory typT 
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stud les comparing teaching strategies. What are effective strategies for 

teaching the path of blood flow? what misconception, arise? How do students 

with alternative concepts respond to various teaching strategies and techniques? 

Do alternate concepts correct themselves or become buried under more 

confusion? How is any of this related *o in rr**n ■* 

ieidi.ea .0 ig, creativity, experience, 

expectations, or culture? Do exemplary teachers or programs, such as those 
.centred by NSTA, do any better? Most important, what techniques 
strategies, or activities best overcome these alternative conceptions' 

and telV S J ^ 5i S" ifi ""< implication to teaching 

and teacher education. I 1ook forMrd t0 „, ore _ 
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ATTITUDES 




Koballa Thomas r Jf. "The Effect of Cognitive Responses on the Attitudes 
°I „r"!^ c f n E ! e, ! ,entar y Teachers Toward Energy Conservation," Jou-al 
o. wcaearcn in scie nce Teaching . 22 (6): 5551564 iQfl5 ~ ■ 

*cUnicatio n Thought Transfer; 
Hi ahpr m S ?° o1 I? achers ; * Ene ^ Conservation; Energy Education- 
EdSion UC ^T ; \ P ! rsuasive D^course; *Preservice Teacher ' 
tducation; Science Education; *Teacher Attitudes 



Purpose 



The purpose of Koballa's study was to "determine if subjects' cognitive 
responses to a persuasive communication are more highly corrected with attitude 
change than the recall of arguments presented in the communication using energy 
conservation as the content vehicle" (page 555). 



Rationale 



The rat,ona,e for this study was to investigate the relationship between 
persuasive communication and the persistence of attitude change. "The findings 
of several studies suggest that attitudes persist oecause the thoughts generated 
in response to the communication are remembered." (pp. 556-557) "it was 
hypothesized that the effectiveness of a persuasive communication is related to 

he7 TZ ""'^ ° f r6SP0nSeS U «- 

rather than the communication arguments recalled." (page 557) 

Research Design and Procedure 

"Students (n-79) enrolled in several sections of an elementary science 
me ods course participated as subjects in the investigation. A correlational 
method was employed in the investigation to explore relationships between 
changed attitudes, recall of the communication's arguments, and cognitive 
responses elicited and retained. Ho attempt was made to predict attitude change 
scores from subjects' recall of the communication's arguments or cognitive 
responses." (page 557) The investigation consisted of three experimental 
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sessions utilizing preservice teacher attitudes towards energy conservation. 
The first experimental session consisted of administering the Likert-type 
attitude scale to all subjects. The second experimental session was conducted 
one week after the first. During the second experimental session, subjects 
listed their cognitive responses and the communication arguments that they could 
recall At the conclusion of the second experimental session, the Likert-type 
attitude scale was re-administered. The third experimental session was 
conducted three weeks after the second. During this session, subjects listed 
he communication arguments and cognitive responses that they could recall. The 
Likert-type attitude scale was again administered. 

Pretest and posttest attitudes were measured using the Attitude Towards 
Energy Conservation Scale. The two-sided communication used in this study 
Presented both favorable and counter arguments concerning the importance of 
energy conservation and the need for elementary teachers to incorporate energy 
conservation topics into their tearhinn tl a 

lu tneir teaching. The communication was presented in 10 

minutes and 31 seconds using video tape. Subjects were provided with a series 
of seven boxes to list tneir thoughts or reactions as a method of recording 
the.r cognitive responses to tbe communication ■, main argents. Subjects were 
proved with instructions concerning the recording of their cognitive responses 

e e r s Iir 9 r. Vide ° UPed M -""" t, °" "» »"«en cognitive responses 
were scored. Junes were used to establish the. reliability of the scoring 

n 'rrh-^" 6 tnVeSti9 "- «•««» ° f the cogitations main argents 
and the subjects' cognitive responses was scored using a scoring sche re similar 
to one previously published. No control group was employed to verify the 
effect.veness of the persuasive communication. 



Findi 



njs 



Results indicated that the cognitive response score was significantly 

fono.r th tP ( °'° 5) W ' th Ukert " type posttest - •"*» 

following the coaptation. Recall of communication arguments was measured 
.-e me y after the co^nication in the second session and during the third 
ess,on ree weeks ,ater. The findings suggest that cognitive responses and 
the reca,, of cognitive responses are significantly related to attitude change. 
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Communication recall, however, is not si gni f icant! y related to attitude change 
Th 1S study supports an increasing body of data indicating that attitude change 
is not dependent upon the learning of communication content. 

Interpretations 

This study, along with those of other studies, is consistent with the 
hypothesis that cognitive responses to persuasion moderate attitude chance. 
Recall of communication content, on the other hand, does not appear to be 
directly related to attitude change. 

ABSTRACTOR'S ANALYSIS 

This study serves as an excellent mode, for the type of research that 
Should he fostered in science education. ,t is «„ desjgned> has Mee „, nt 
upporting literature, is well thought out, and does not extend the results 
eyond the interpretations possible. „ fact, the author is to be tended for 
indicating that "the data collected in the present correlational design are 
necessary, but not sufficient, to establish a definite relationship between 
cognitive response and attitude change in the milieu of science education." 
page 61) Further experimental support is needed. I„ addition to the present 
type of correlational results, such support requires "(a) research in which 
systematically designed persuasive communications elicit different cognitive 
responses leading to differences in attitude change, and (b) research 
demonstrating that cognitive resnnnso* .ii-i,., 

r.^n.fKi . • ^Ponses elicited by persuasive communications are 

responsible for a significant portion of the cognitive components of subjects' 
post communication attitudes. Both of these types of results have already been 
obtained by social psychologists, but only in a laboratory environment using 
contrived issues." (page 562) Furthermore the author states that, "The present 
investigation appears to be a positive step toward identifying the factors that 
Play a significant role in changing the attitudes of teachers toward energy 
conservation and other constructs of interest to science educators." (page 562) 

The author has also provided a superb set of references that have been 
utilized to support and refute the concerns a reviewer might have with respect 
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to the topic being investigated. Furthermore, the selection of the content 
topic of energy conservation as the vehicle to use in assessing the effect of 
cognmve responses on the attitudes of presence elementary teachers is a 
super, choice The content is not discipline specific, possesses the potential 

" d ™«« •«»«. «• a subject that has been and 
w be eb t d for a considerable period of time. Thus, the author's choice 
topic and study are commendable. 

reUtettTtJsT,^ ^ " ,,h t0 >" r ™ add,ti °-' 

re ated t0 th s fleld of reseapch ^ ^ 

mentary sconce methods students typical of the responses one might expect 
P c tIC ,„g elementary teachers. This study could easily be re Heated 
t.l ,„g a vanety of sample populations that could serve to support the 
hypotheses presented by the researcher. Furthermore, the length f i tnat 

P..nt of ,nvest,gat,on. Is a one week differentia, between the first and second 

: ::r; r :;:ir : u : ,c,ent when « - 

manner, „ a three week deferential between the second and third experimental 
ess,ons sufficient to allow for the appropriate effects to occur? Z e l 
11 ,uest,ons that could be investigated b, future researchers. In co c g 

e ir; 4 9at : ons - researchers sh ° u,d «*• - - 

e author u .„,zed ,n ensuring that his results were reliable and valid. This 
regard,ng att.tud.nal research regarding cognitive responses. 
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Schibeci, R. A. "The Student Opinion Survey in Chemistry Some 
Cross-Nat.ona^Oata/' ^LoiR^J^ 

^ C ^^^4L^ un y\ Chemistry; High Schools; 
Attitudes *Seconaary icnool Science; *Student 

Expanded abstract and analysis prepared especially for m f k 
Roger Hamm, California State UnivefsUy San Bernardino. * 



Purpose 

This study was conducted to 
in Chemistry (SOSC), one of many 
attitude scales. The study also 
collected using the SOSC. 



validate the Student Opinion Survey 
currently existing student science 
compared cross-national data 



Rationale 



Citing current calls for the renewal of science education and 
the Australian response of the development of the School Chemistry 
Project (SCP), this study was conducted to gather formative evaluation 
data. A slightly modified version of the SOSC was used as the data 
collection instrument. The SOSC was developed as part of the 
Interdisciplinary Approaches to Chemistry Project (Heikkinen, 1973). 
The modifications included replacement of one item and minor changes 
m the wording of items to be more appropriate for Australian 
secondary students. 

The data collected were compared with data collected in studies 
by Sherwood and Herron (1976) and Heikkinen (1973). 

The author assumed, in this cross-national comparison, that the 
populations were similar and that modifications made in the instrument 
did not S1 gnificantly alter the instrument. 




Research Design and Procedure 



The sample used in thfs study consisted of 380 eleventh grade 
r.l,.„ students enrolled in high school chemistry as an elective 
subject. Th,s sample was selected at random f r , each Australian 

e »■ ,TT S6,eCted t0 66 Simi ' ar l ° »»• comparison stud, 
,„en, 1 73, in which 577 predominantly eleventh grade students 

enrolled ,n chemistry as an elective were used. 

attitul 6 IT Pr0JeCt d " ided ^ «»r »- 

att,t de data were collected at the end of each b ,oc k> using the SOSC. 

judl h ; S '" 9 " e S ° SC - Cr0nb3Ch ' S "«•»* - ^termined to 

Judge the eternal consistency of the SOSC. It em-remainder 

correlation coefficients were computed. Factor analysis (principal 

w?:::r: ys,s - ith a — > « ~ - - 

was conducted to provide data validating the SOSC. 



findings 



The author reported an over.,1 mean score on the SOSC of 69 5 
with an overa11 standard dev . at . on of ^ ^ fl 

consis ency on the SOSC was reported from the overall CronOach, alpha 
e f l " Va T ,0W6r °- 9 °- "-binder correlation 
* Pan9 °" 47 t0 °- 76 ' " Uh the °f a value 

the data. However, of these three items, Factor 1 accounted for 
approximately 81-. of the variance. 



interpretations 



From the analysis of the data the author reported that the mean 

t TXrTT" ° n t,,e sosc of 69 - 5 and 13 - 6 

. : :r;rr; Ms stu * : a rea ° * 

data that .ho <ncr aUth ° r concl ^ed from these 

h the ,0SC appears to b e an instrument which is potentially 
useful ,„ cross-national research in chemistry education. 
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The author concluded from the Cronbach's alpha values that the 
SOSC had a high internal reliability. In addition, the author 
suggested that the data indicate that the SOSC can produce relatively 
reliable results in a test-retest sense. As a result, the author 
states that the SOSC is a worthy candidate for an instrument to assess 
student attitudes to chemistry. 

Three factors emerged from the factor analysis. Of these 
factors, one factor accounted for approximately 81* (80.8*) of the 
variance. With this and the high value of the Cronbach's alpha, the 
author concluded that the instrument is a unidi w „sional instrument 
and JU st,f,es the simple summing of the responses on the individual 
.terns of the instrument as an index of the student's attitude toward • 
chemi stry. 



ABSTRACTOR'S ANALYSIS 

The author has raised a valid concern in this study. In the 
recent decade a headlong rush toward the improvement of science 
education has generated numerous programs for instruction in science 
and studies "proving" that each of these programs is significant in 
changing student attitudes toward the particular science. However, in 
.any of these studies a particular course in science was developed and 
taught to a sample and the attitude measured using a scale 
specifically developed for the study. The result has been a plethora 
• of saence attitude instruments. This author raises a concern about 
the validity of these instruments and the usefulness of these 
instruments across studies. There is a need for studies similar to 
this to attempt to validate science attitude instruments and to 
identify a small group of instruments that can be useful to 
researchers across samples and science courses. 

The author of this study has identified a useful technique for 
comparison of data collected across samples using one science attitude 
instrument. A methodology is also identified for examining the 
selected instrument in order to determine the validity of the 
instrument. Finally, the methodology selected was demonstrated on a 
grand scale (cross-national), but it can easily be utilized within a 
nation, state, or individual school system. 
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Although the author went to great effort to maintain similarity 
between sanples used in the study, questions concerning validity can 
be raised in two specific areas. A major validity question arises in 
the similarity between the Australian School Chemistry Proiect and »k. 
Interdisciplinary Approach to Chemistry used in the comparison study 
It is essential that the author indicate that the two courses being 
compared were indeed similar. Second, it would have been valuable to 
the author's case to more clearly demonstrate the exact changes that 
were made on the SOSC before it was used in his study. 

The research design used in this study was appropriate for a 
study of this nature and intent. The addition of data collection 
prior to the implementation of the treatment would be valuable. Since 
he students enrolled in the chemistry course as an elective, it could 
be assumed that they already had a high attitude toward chemistry. 
The inclusion of pretreatment data would have been useful in 
determining the sensitivity of the SOSC to changes caused by the 
course Pretreatment data would al so have helped the author rake some 
judgment about the worth of the course of study in respect to the 
students chemistry attitudes. Finally, although this study made a 
qualitative comparison between data collected in two different 
studies, it would have been valuable for the author to identify the 
categories and criteria being utilized in the judgment process. 

An adequate rationale was presented for conducting this study. 
As prev 10 usly discussed, the study would benefit from the addition of 
more discussion and comparison of the two courses being compared. 
Additionally, the author should have expanded the section discussing 
the modifications of the Instrument used in this study 
Interestingly, the author elected to compare cross-national data using 
an attitude instrument. The current trend has tended to emphasize the 
need to increase student knowledge in science. The report on the 
research would benefit from a discussion to justify the selection of 
the SOSC and need to consider the effects of courses of instruction on 
student attitudes. 

It is recommended that further research be conducted in an effort 
to identify a group of valid student attitude instruments for specific 
subject areas. Concurrent to identifying these instruments, an effort 
should be made to determine the technique, or techniques, of 
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instruction that are most effective in bringing about positive changes 
in student attitudes toward science. A third line of research effort 
should address the need for considering the effect of science 
instruction techniques on student attitudes toward science with a 
focus on the effects of these various methods of instruction of the 
science intentions and science behaviors of the students. 
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m °%^t°Jll'r $ l U t y ° f Gend6r Eff6CtS in the Sc ^" and 

Mathemat cs Course-taki ng Behavior of a Group of Students who Grartu**** 
From College in the Late 1970'* " Jo-a 1 n* ■ - Graduated 

21: 95-103, 1984. . yQu.na. o, Re^earcn in sa ence Teaching . 

Descriptors-*Academic Achievement; Elective Courses- *Enrol impnt . 

Student Behavior- *Student Participation umerences, 

Expanded abstract and analysis prepared especially for I S E by Dale R 
Baker, University of Utah. *-o.c. uy uaie k. 

Purpose 

This study examined science and mathematics enrollment during hign school 
nd college and focused on achievement, participation, and sex differences. The 
fou hypotheses were: (1) Dfd ren and wonen „„„ ( „ ^ ^ gf 

performance in science and mathematics taken in college?, (2) Does a high level 
of participation and performance in high school mathematics and science insure a 
h.gh level „ college?. (3) Are the number of and grades received in high school 
science an mathematics related to participation and achievement in college?, 
(4) Are SAT math or verba, scores related to level of participation and 
performance in college sciene and mathematics? 



Rationale 



Statistics ,ndicate that more women have entered technical fields during 
e last decade, hut they ,.,„ CO mp ris e only a fraction of the lahor force. 
Con equently, researchers have tried to identify prohahle causes for these low 
num ers. Poo r attitudes toward science, the priority of marriage and children, 

analyt.ca, ability have all been examined. None of these explanations have 
proven conclusive and the problem remains complex and unsolved 

Since participation and achievement in science are obvious prerequisites to 
technical careers, the author decided to examine sex differences in the effects 

participation on performance and performance on participation 
Previous research led him to expect that (1) sex differences in participation 
would increase because more men than women would be preparing for technical 
careers, ,2) a high level of participation in high school would not be surongly 
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related to college participation because of the boredom and difficulty of hioh 
school science and the esoteric and theoretical nature of college science (31 
successful performance might lead to continued participation or that a high 
level of participation might continue in college, and (4) given the importance 
of guanmatlve skills in science, students with high SAT math and low verbal 
scores would be more likely to enrol, in science and mathematics courses. 

Research Design and Procedure 

A causal-comparative design was used to compare the high school and college 
r n SC r,pts of 269 men and 239 women at a selective libera, arts college. The 
objects consisted of a 30* random sample who had graduated from the co„ege 
unn, 1,7 , „„. and 1979 . ^ van . aMes sc(ence ^ d - 

I hemlt -?:„; C °" e9e 9rad6S reCeWed; ' ° f ^ high schoo, 

completed h,gh schoo. b,o,ogy, chemistry, and physics; and SAT math and verba, 

Analysis of covariance was performed to identify sex differences in 
j~.t.e. pet, on and performance. Covariates were SAT math and verbal scores 
Performance, and participation ,eve,s. Multiple regression was performed by sex 
to determine the effect of predictor variab,es on outcome variab,es. The 
outcome variab,es were the decision to major in science, and the number of and 
grades earned in science and mathematics courses taken in college The 

grades in high school and college courses, and SAT scores. 
Findings 

Students in this study exceeded the national average for science and 

t n c el;° UrS L taken "* SCh0 ° U ° f — -d 

' PhySi " ; ^ three yearS ° f = - »«. ^ur 

Pbys.cs, 95*. three years of mathematics; and 73%. four years of mathemati s 
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of thr^J^Vir? 01 ^ 10 " C ° ntinUe " COllege ' Ei ^teen percent 

of the women and 13% of the men took no science. Women dropoed fro, , 13 „ ea . s 

in high school to 2.21 years in college. Participation did not dropoff for ' 
men. The range also changed from three or four years of science in high school 
to zero to twenty courses in college. 

sdJ n ZTT"' the drop " off W5S 9reater - Mm a ™ 3 -" ^ 

choo, and 1.05 years „ college. women dropped from 3.51 years to .76 years. 
Part,c,pat,op dropped fro. 90* for women „ n(gh sch00l t0 ,„ ,„ 
95* for men in high school to 73'. in college. 

not olrf t0<>k m ° r :, SCienCe 3nd ™ thCTati " -« in high school but did 

not perform as well. This pattern continued in college. Analysis of 
covariance revealed sex differences in performance levels in science and 
ma hematics and in participation levels for science. A priori contrasts 
indicate that a preference for mathematics and science in high school continues 

Multiple regression indicated that grades in college science and 
mat emetics were related to 9 rades in hi g h school science and mathematics as 

to he prediction of college science grades. High school science grades 
contributed to the prediction of college mathematics grades for women. For meh 
- -er of high school mathematics courses added to the prediction of college 

The number of science courses in college was related to the number of 
science courses in high school for both men and women. SAT verbal and math 
cores added to the prediction of the number of college science courses o men 

d u L7Z h The :T of ™ ics courses taken in » «- 

predict d by high school mathematics grades and SAT math scores. No variables 
were related to the number of mathematics courses taken by men. 

interpretations 

men A'' 111 "* an<i Perf °™ anCe d ° ""'^ the differences in the number of 
m -men who choose technical careers. Despite grades, women are not 
Unacted to science and mathematics, nevertheless, the decision to major in 
science ,s strongly , inked t0 hjgh sch00 , partjc(pat j0 „ ,„„ ^ (> ^ 
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for both men and women. The sane pattern is true for women and mathematics, 
mak,ng early engagement in interesting, relevant course jmpor , 4 „ t „-,, 

grldes'^l 0 "; 'Tl " <° ^"WKWta or 

grades. Men appear to be motivated to take mathematics because of career 
cons,derat,ons regardless of past performance. 

The decline in the number of science and mathematics courses between high 
sc oo, and college M , be explained b y two factors. First, astute t t k e 
mathemat,cs and science in high school to increase college admisso 
oppor „„, t ,es. Conseguent,,, participation drops once they have admitted 
Second, most college science and mathematics courses are not relevant 
interesting to students. This seems to indicate that scientif . r y win 

-<ngitLt::;td s:;::: ;/::;; e i:r ns r p between ~ h — - 

college the relationship of high SAT VP rhal 
scores to tak,„g tewer mathematics and science courses is Incentive 

ABSTRACTOR'S ANALYSIS 
This paper was the first in a series by the author deaHng with the 

a : ns ; p ,:;r tcipation ° n * rf °™« - « p«.«; (b , 

« such, it laid the groundwork for subsequent research r.ic.H 

an j i j ... M ca 'esearcn, raised new questions 

-or «o use more sophisticated theoretical constructs and an sis 
tecnniques. It is important because it irntiatow JnJ u 
systematic bod, of work. 5 beCOme part of a 

choosfr 3130 /^" 6 "" 3 aMaCk ° n the COmf] ^ ""Mem °< why so few women 
choos to enter technical fields. Although the author states that 

....Participation and achievement in school sripnro ^ ■ 
'or becoming career scientists..,, unt i o L „ i HnT 
: -; r -P of these two factors was not dealt ^ Z ^TT ' 
science education literature. 

However, using the number of high school science anH ma *h • • 

science and mathematics courses to be taken in coliege ma, or may not prove 




fruitful in the long run. First, education is notorious for seesawing back and 
form. He have gone free, rigorous high school graduation requirements and 
college admission standards to lax graduation standards and open admissions, and 
back again. Consequently, the conditions under which a student in high school 
takes mathematics and science will affect the predictive value of these 
variables. If students voluntarily take mathematics and science courses in 
hi. school, then the likelihood that high school course taking behavior wi„ be 
predictive of college course taking behavior is greater than if students are 
required to take a certain number of mathematics and science courses to 
graduate. Therefore, if future researchers use high school records as a source 
of data about prior participation, it will be very important to consider the 
educational climate of the time during which the subjects were in school, 
esrecally when interpreting the results. Failing „ ta ke such precautions 
could result in many contradictory studies. This situation would do more to 
confuse than clarify an already complex research question 

Other factors which may „ mtt the predictive value of high school 
participation have to do with the highly selective nature of the private 
institution at which this study was conducted, and the fact that the author 
describes the institution as a libera, arts college. Students applying to large 
universities, less selective schools, or public institutions may have very 
different course-taking behaviors. 

the f fl T U9h T aUth ° r " d ' a " COn " rned ab ° ut the 9eneralizab„ity of 

findings, there are many good reasons for continuing this line of research 
AH caveats aside, the author has identified a very robust phenomenon that ' 
merits further examination in a variety of settings using samples which are 
drawn ,r m Afferent time periods, in addition, unlike many studies, the 
subjects behavior in this investigation was followed over a span of eight 
years contributing to the overall methodological strength of this research 

Another methodological strength of this work is that it is in the 
mainstream of investigations into why women do not choose technical fields The 
f.ndmgs add to what we know about sex differences in career choices and help 
explain the findings of others. In addition, the findings of DeBoer's research 
can also be explained by and related to the work of others. 
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Take, for example, the greater drop-off for women than men in colleqe 
science and mathematics participate despite the .omen's higher achievement 
Prior research has provided several explanations for this phenomenon. For many 
young women the motivation for good grades is more strongly related to wanting 
to please toe teacher and/or pleasing parents than to subject matter Interest or 

ZZuT' >Tl T a " r,bUte a " demC SUC " SS t0 ,u ' k "">«■ «*" effort 
and ability, while failures are the result of personal Inadequacies 

Consequently, for women, good high school performance does not necessarily have 
nything to do with their college performance, mdeed, their luck mlgh h 
or the worse. ,„ addition, doing we,, in science and „,,„ science are not 
onymous. Severe, studies which have focused on the Junior high school „d 

that 9 ,r s who do we,, ,n science „ke the subject ,ess than g,r,s who are 

average to poor students. 

Subsequent work by DeB oer indicates that the decision to take college 
science ,s based upon what a student beHeves his or her ability is. This 

elf-concept was unrelated to grade,. Even though women received higher grades 

cnat the decision to continue taking colleoe sdenre h,„»,H , , 
re,xt»H t„ • ■. „• " science beyond a first course is 

related to attributions of ability for both men and women. Feelings of 
cogence were more important than measured aptitude, grades, or task 

part,c,oaH th0r 7"""" " °" qUeS "° n °' thi ™1««™Mp of 

participation on performance and performance on participation using self-concept 

been limited to the use of transcripts or short questionnaires of 4 to 8 
questions which employ Likert sra, P <: e IIPfh .. 

y scales. Further research directions and efforts 

ample of students after the Initial analysis of high schoo, or colleoe 
transcripts and questionnaires. 

For examp,e, the author speculates that "...men feel that mathematics is 
important to their future careers and that this belief rather than 

achievement motivates them." He also states that "while the hard work a 
diligence of woman may result in the reward of a higher grade, this reward does 
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not seem sufficient to attract women to science and mathematics courses to the 
same degree as men are attracted.- Face to face interviews with m»n c0 ..,, 
confin, or disconfirm his specu>ation about motivation, interviews with women 
tlht reveal why grades do not seem to be an adequate reward to attract them to 
science as well as what an adequate reward might be. 

Indeed, Eccles suggests that we are approaching the problem of why women 
do not choose science from the wrong direction. Rather than asking why they do 
not choose science, we should be asking „h y they choose other options Her 
model of occupational decision making suggests that women may not be avoiding 
aence as much as they are choosing other activities that more closely reflect 
their interests and goals. 

Additional questions might focus on the characteristics of high school 
science and mathematics instruction that caused many students to continue to 

el T thr ° U9,,0Ut SC,VU " S6e " S ""tnedictory to find that 

he mo re science and mathematics you jn n(gh sch00] _ the greatep 

i e i hood that you win take science and mathematics in college when the author 
ust about everyone else in education has counted on the boredom and 
irrelevance of high school science and mathematics classes 

Increasing the number of „ en and women who choose technical careers „,,, 

" 1 1ZTT * en we understand the dynamic inter " tf °" s ° f ~»» 

id taction, interests and goals, role specific self-concept and other self 
beliefs, prior achievement and participation, and socialization. This paper has 
moved us another step in that direction. 
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Differences; Deve^opilSi V ScienCe Educati °"; Sex 

Expanded abstract and analysis prepared especially for I S F hv Fr, 
Lawrenz, University of Minnesota. »M«ciauy ror I.S.E. by Frances 



Purpose 



This study examined the predictive validity of various tests for the 
success of women in a National Science Foundation (NSF) career Faci, nation 
Project and the independent contribution of these tests to the overal, change 
experienced over the course of the project. 



Rati onal e 



whv sltr^ ""'^ ° f '"-"igating reasons related to 

why so few women are ,„ engineering and science careers. The Career 

.•cilititio. Projects were designed to update the skills of women with 

baccalaureate degrees in mathematics, science, and engineering who had not been 

and f d " e,dS 3 ° f UnU ""•»'«"« th. projects 

and found a strong predictor for employment was the prospective employe 's 

person of the graduates' motivation level. Furthermore, she fid that 
vaUab, ny for work and financial need for work were important, hot that the 
amount of previous related experience was not. 

The authors develop the argument that existing aptitude screening or 

pre -ct,ve tests are biased against persons not already in a particular 
profess, For examp , e> (he authors „ Thus aptuude 

a d as c]enca1 wrkep ^ wchan(cai ^ a ^ 

filters for determ,„,„ g „„„ „ encoura9ed t „ tra(n ^ 

may contrite to continued sex segregation,' To counteract his hias the 

authors propose that research strategies should not he so strongly t 
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traditional definitions of success. In this study, then, the authors examine 
the predictive validity of a variety of assessment instruments. 

Research Design and Procedure 

The authors describe the design as one-group pretest-posttest. Since the 

authors were unable to secure an adequate control group, any changes in scores 

due to Career Facilitation Project effects are confounded with other effects 

in other words, change can not be assumed to have been caused by the project' 

alone. K J 

In keeping with their theoretical justification, the authors selected a 
wide variety of testing instruments. Three were Differentia, Aptitude Tests 

6 uerTr , ! t0 66 re ' ated 10 '"■*-—*«■ S-des for a sample of 
616 overwhelmingly male engineering freshen: Abstract Reasoning, Mechanical 
Reason d s Re , at(ons _ ^ ^ ^ ^ ( 

been sh wn to reveal gender differences were also used: Card Rotations (rotate 
figures), Paper Fonm Board (rotate and perform serial operations on a figure) 
and Conservation of Horizontals (knowledge that the surface of a liguid 
remains horizontal rega rd,ess of the container). Participants also completed a 
dues ,onna,re to assess indexes of brain lateralization and the Fennema-Sherman 
M h m at Anx,ety Scale. Oata on age, academe preparation, undergraduate 
ma or, elapsed years since obtaining the degree, and employment were also 
gathered from records. 

Testing took place throughout the year of the project, and results were 
known only to the evaluators. The participants were told that the data would be 
iv n her" r/ r0jeCt ' »" of the instruments were 

a ReTt " r Pr0j6Ct: R0Uti0nS ' F °™ Board, and DAT 

l e) l Um \ Wre 9(V6n in «"»,,. and DAT Abstract Reasoning 

and DAT Mechanical Reasoning were given in September and May. The brain 
aterahzation instrument was given once in July, the Horizontal^ Task in 
February, and the Mathematics Anxiety Scale in May. 

The sample consisted of 35 women who were the participants in the 1 978- 1 979 
,.SF women ,n Science Career Facilitation Project at California State University 
Horthndge. Of these 35, complete data were available for U. These ranged U 
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age fro, 23-55 (x . 33.3). Al 1 had baccalaureate degrees (14 in mathematics, 2 
m biology, 2 in chemistry, and the remainder in other fields) and had not been 
employed in such fields for a number of years. 



Findi 



ngs 



The data were analyzed in two wavs Firct- r. a „ a ,*. a 

u ways * Mrst a repeated measures MANOVA was 
performed on the five tests that were administered in a pre-post fashion. Using 

, \T „ C °" b,ned t6St SC ° reS Chan96d ^nificantly over F 
5, 19) - 9.62. p . 0.001. The results ref,ected a ,ar g e association between 
the pne and posttesting and the combined dependent variables n* - 72 since 
« e MANOVA showed significant resuUs. each dependent variable was opined 

av bad , ,t had been the only one in the analysis and by examining the effect 
'7 "° U,d h " e ^ ■"«• «» effect , f an the other variaL was 
taken out. os,ng the first procedure, three instruments showed significant 
change over time: Mechanical Reasoning, Paper Form Board> and Spatia] 
Re 1. ,o„s When employing the second procedure, step down tests, only the 
Mechan.cal Reasoning Test showed a significant effect. 

The second technique employed to examine the data was regression. The 
varub e to be predicted was grade point average (GPA) category: high 
(3.51-4.0), medium (3.0-3.5), and ,ow (2.3-2.99). Three separate regressl0ns 
were performed, each with a different number of predictor variables. First all 
vana es were used, but the regression was not significant. Second, only the 

t ic"," " 'f" Pr6 - P0St VaMab,eS "™ ^ "—»«•« « 

stKally s,gn,f,cant, F „, 17 , . 3 .46, p < .05 with an R 2 of .36. The 

hlTT C0ntain6d ° n ' y tK ° Predi " 0r Variab '"- MT «•'««<>». 
<nd the Paper Form Board. This regression was also significant, F (2 20) = 
9.61, p < .01 with an R 2 of 0.44. 

The final pieces of data were the results on the Mathematics Anxiety Sca,e. 

wild? th " e " ere MPared t0 r6SUUS f ™ ° ther *» 

other academic pursuits. 
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Interpretations 



h a ors uggest that participation the project improved the spat.a, 
s kills of the part,c,pa„ts. This is consistent with findings in other stud ,es 
of ounger students. Further, the authors point out that the strength of 

ca h Uy \" PrediCting f ° Un ' theSe " 0Men iS « ff "«* "udies on 

P ca un ergraduate engineering majors where rechanf£8 , 

spatial relations was found to be a predictor of GPA t„ 
~ions may have differed ZZ' *" 



ABSTRACTOR'S ANALYSIS 



r„„„ , h " 0,,erS ^ eXCe ' ,ent *»""""» t0 ■ research effort 

o ducted „ a real world setting. The authors ,a,se an important issue at 
a not yet been resolved and that needs to he dealt with „ m are J " 

«pr ve the number of wonen employed in the sciences, engineering, and 

cogen and offers a new avenue for research to encourage diverse groups to 
pursue these careers. The article is also concise, „„ written, an 

xrr stat,sticai techn,ques ,n «" a »^ f "« - 

exp lamed manner. J 

The weaknesses and pitfaHs of trying to design studies are also pointed 

encountered some of the difficulties involved in identifving an p r iate 

u*er of project appbeants to participate in order to obtain a control group' 
How could a comparable group be defmed? would science teachers be appro re' 

ow can nonpartisan be encouraged to complete the large number o e „ 

ns trusts Row can tinfng and testfng sftuatiQns be ^ 
of these d,rf,culties, the authors were forced to give up on an 
experimental -control group design and settle on the less satisfactory one-group 
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pretest-posttest design. With this design, the authors were unable to ascribe 
positive changes to participation in the Career Facilitation Project. 

Another practical compromise exemplified by the study was the number of 
instruments and testing sessions. Although the authors argue for a wide variety 
of tests to help determine a groups' unique skills, only five tests were 
actually used pre and post, and these were not very diverse. Three were OAT 
tests that had already been shown to be predictive for the predominant group 
nen, and the remaining two were both related to spatial ability. A related ' 
shortcoming here was that these women were an unusual group with which to test 
for diversity since they had already demonstrated their commitment to 
mathematics, science, and engineering by obtaining undergraduate degrees in 
these areas. This uniqueness was further demonstrated by the low mathematics 
anxiety scores. Furthermore, the staggered pretesting sessions were two months 
apart, although the intervening time for the different sets of tests was the 
same- 



Finally the attrition rate was fairly high, from 49 accepted applicants to 
35 participants to 24 with complete data. This exemplifies another practical 
problem with research, especially over long time spans (year or more) and with 
large numbers of testing instruments. It would have been perhaps more in 
keeping with theoretical rationale of diverse variables for the or^t^n of 
success to have data on the original 49. GPA from a C + to A is a fairly 
restrictive measure of success in such a uniform group. Information on the 
nonacademic predictors of success would be interesting. 

The lack of a control group severely limited any inferences the authors 
could make about change due to participation in the project. The MA NOVA and the 
conservative step down univariate F tests did indicate that the year could have 
affected Mechanical Reasoning. The authors' suggestion that this year had 
proved experiences in this area that the women did not have before certainly 
seems reasonable. 

The regression analyses were the heart of the study since tney showed the 
Predictive nature of the selected instruments. The lack of a theoretical 
rationale for selecting the narrow dependent variable (GPA ) and for making the 
selection of predictor variables for the second and third regressions made the 
results less interesting than they might have been. Furthermore, the number of 
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subjects was somewhat too low to do the first two regressions. It was 
intriguing, though, to find that the Mechanical Reasoning found to be predictive 
tor males was not as valuable for women. It is difficult to say whether or not 
th.s deference was because the women's scores on the pretest Mechanical 
Reasoning Test were too consistent within the group. If the au£hors rea11 
in ended to provide status information for women „„ these instruments, more 
.nformacon on the actual scores and standard deviations should have been 
provided. 

In summary, the authors have made reasonable use of the data they gathered 
or,g,na„y for project evaluation to help shed light on an important issue 
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IN RESPONSE TO THE ANALYSIS OF 



Scharmann. L-- H. Ha^v anw i uaii-.j , ... 

- I«t™-« to KJiTprSiJSS El ementary^Teachers^ Process' ' <lat ' on ° f 



Lawrence C. Scharmann 
Kansas State University 



I would like to thank Professor Tamir for his insightful analysis and 
constructive criticisms of the "Process Orientation to Science Scale" ( P0 TSS) 
which appeared in Volume 70, Number 4 (Pages 375-387) of Science Educatio n ' 
(1986). m representing my colleagues. Professors Harold Harty and JameT 
Holland, I welcome the opportunity to respond to several points raised by 
Professor Tami r. The critical questions delineated by Professor Tamir were- 
reg^de ^ Passes of science be 

2 ' "c^°n^-|i^ t r t l rStan i din9 15 referred t0 in th * definition, 
-SaS^Jo? SS nti;r^ 0 ?cience C ?r ibUti0n " M ^ 

t"r 0 r] g ^^%ll 1 \?^fe e ^: P L ar ^ the 1ns ~- 111ustrated in 

5. Did the authors ask a priori for two factors, or did two factors 
emerge as a result of the statistical factor analysis? 

The first question appears to be of a semantic nature. If we accept one 
exphat dictionary definition of "orientation" to be "... to acquaint with the 
existing situation," then the choice of the word "orientation" is certainly 
valid. If preservice elementary teachers are acquainted with the processes of 
science as a foundational context existing in science, then should we not be 
ab.e to expect that correctly identifying and/or recognizing said processes 
constitutes an appropriate orientation to science as a process? This author 
believes so. 
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The second question also appears to be a semantic criticism, if the POTSS 
potentially functions as a diagnostic tool, and emergent is defined as "... 
arising as a natural or logical consequence," then acquainting preservice 
elementary teachers with science processes as an epistemologic foundation, 
should hopefully and ultimately foster an enhanced understanding of the process 
nature of science. Central to the thesis of the journal article was ar, attempt 
to measure a theoretically transitional orientation, which resulted in the 
formulation of the original survey instrument. 

With respect to question three, two response levels are appropriate. On a 
more superficial level, the authors cited Livermore (1964) and the American 
Association for the Advancement of Science (1973) as acceptable descriptions of 
the "specific [science process] skills measured by each item." Thus, the item 
statements were written, reviewed, and revised in concert with process skill 
descriptions defined by reputable sources. However, on a more specific level, 
Professor Tamir discusses an extremely valuable consideration, in reference to 
the usefulness of forming item "subsets according to the particular process 
skills, thereby obtaining profiles in addition to total scores." The authors 
acknowledge the validity of this critical suggestion as one of considering the 
POTSS as a unidimensional "total score" versus multidimensional subset 
"profile." Such a "profile" would enable potential POTSS users to identify 
specific subset process skill development as well as provide a basis for the 
revision of course material to better address specific nonsignificant subset 
changes. The authors are encouraged by this suggestion, and will investigate 
the construction of such a profile in further validation/administrations of the 

DATCC 



POTSS. 



Question four concerns the classification of item statements into "basic" 
and "integrated" categories; cited specifically by Tamir as considering item 
statement 23 (Modern scientific measurements are presently so accurate they 
contain no source of error) as "integrated" versus item statement 19 (Scientists 
should reject data and observations from an experiment if their observations 
cannot be replicated in the next experiment conducted) as "basic." It was the 
consensus of the content validators that item 19 dealt with the process of 
"observation" in the context of "precision" and the concrete interpretation of 
experimental data sets/tables; hence, "observation" as a basic process was being 
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examined rather than "experimentation" as an integrated process skill. U was 

in addition, the consensus of these same content validators th»t »^ s * 

23 dealt »,th the process of "measurement" in the context of "accuracy" and an 
ib!i£3Ct analysis of the implications of the use of differently calibrated 
and/or sensitive instrumentation. This statement was classified as "integrated" 
-h conjunction with item statement 16 (Scientists look upon the existence of " 
measurement error as unavoidable), both of which are in concert with the 
necessarily uncertain nature of scientific measurement (Kimball, 1967) 

Finally, question five concerns the factor analysis conducted by the 
authors Since the factor analysis was performed, „ part , t0 cross-validate 
he content validation, a ^ assumptions were not appropriate. Professor 
am,r ,s correct that, as the article stands, this must be inferred. It should 

" "" C °" tr ^°° <° tne cross-validation. The fact that no a priori factor 

e t red " ePe " d th3t ind6ed ' , "° fa "° rS as"d™, 

ent credence to bot, the content validation procedures as „e„ as conCusi ns 

drawn hy the authors regarding the potential for the construct under 

i nvestigation. 

In closing, the authors are certainly cognizant of the need for further 

andatton ... ). what , s essential, i„ narmony with Professor 
Tam,r, „ that researchers continue to examine both the understanding of the 
processes of science and thejr undergjrdjng s?u c foundatjon$ _ 

resent , nvest , gat(on „ as an ^ (q ^ ^ 

ac ers „ew such science processes in the context of these undergoing 
foundattons. Again, Professor Tamir's insightful comments are highly 

ZZT« ^r° rs are anc ° ura9ed * pr ° fessor ^ ~-"«"» <* «■» 

the POTSS to r6SearCh iSSUe> C ° nt1nUe t0 " P, ° re ™ of 

POTSS to exam,ne changes that occur as a result of increasing,, effect.ve 

process onented/i nqui ry-based scence methods courses 
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con,. 9 , ig^i^aaa ^.^ss^r K 9e, ° 

„ . , "ark u. Hackling 

Western Australian College of Advanced Education, Midlands 

Oavid F. Treagust 
Curtin University of Technology, Bentley 

Responding to Collins' review provides an opportunity t0 reflect on a piece 
f work hat was originally reported ,n ful, as Hackling ll981 ) and 
published in brief as Hackling and Treagust (1984). This study must now 
renewed ,„ an historical perspective a- ., ws completed s J t years £ 
1 ht years represents not only a significant pant of the histor of 
nto genet.es learning hut also a significant par t of the h1story y of t „. 
d.scphne of genetics itself. , n examining a research study fro. an historical 
*rspect,ve there are three main questions that need to he a dressed: w 

e main contribution of the study at its of pubiication? What imp e 
the research findings had on the teaching of genetics? „„at are the cu rent ly 
perceived limitations of the studv in the linh t „f , 

publication? 9 ° ^sequent research and 

This study represented an approach to research on misconceptions having a 
cognation of three features; high qualify of data made possible by an 
ITT StUdy " SC ° Pe ° f 3 topic, and the basis of a clearly 

o c „ ; 'I""' StUdy ° f S,m1 ' ar d6Si9n -P-ted fo 

the top,c of chemical equilibrium (Hackling S Gannett, 1985). 

It is difficult to objectively evaluate the impact of any study of student 
-conceptions. However, as a result of this study the Teachers' Guide for 
es ern Australian genetics curriculum has been revised to take account of the 
study s recommendations. 
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The reviewer identified three limitations of the study that have become 
apparent through subsequent research and publication. These issues a~ t „, 
validity of the propositions representing the domain knowledge, precision of 
language ,n regards to genetics terminology, and the extent to which the 
misconceptions identified may ha „ been doe to the quality of curriculum 
materials being used and/or the quality of instruction 

The issue of validity of the propositions fcr the topic of 'mechanisms of 

„ t0 ^ ° f the Th. intent w , o 

defin on epts and propositions at the level of sophistication of meaning 

c ° IT ""T *" "»*'"» « >™ — ,um about 
genetics ,n western Australia. These propositions were not intended to be fullv 
comprehensive and represented onl» a r r .„t „ e ™"f 

h„ Aae •„ . . resented only a fraction of the domain knowledge that could 
be described by a professional geneticist Th» „ . 

lrmV geneticist. The reviewer questioned the val idity 

of the propositions as the concepts of homozygosity, heterozygosity, 

:r: — - - par. « 

a 9 " nCePtS h °™ S ' h «arezygous, and segregation 

e , v Pr0P0SU,0nS P1 ° >"< P16 - The «« t«*. to students from 

the full ab,„ty range ,n grade 10 and, as such, considered only simple 
-hybrid autosomal and X-Hnked modes of inheritance, for th s ran the 

n this stud-. The reviawer's Cairn that the concept of variation was not 
discussed ,„ the article fails to acknowledge Hackling and Treagust's ( 984, 

:; at the idea ° f ^ ~*« ~ •»•■•. ~ 

con e xt of ex -ammo the variation between children in a family ,p 2 05>. 

he report of this study. Researchers have now been sensitized to this issue by 
tne pubncation of "ho, Kahle and Nordland (1985). 

The third issue raised by the reviewer relates to the origin of the 
m, concept ons Possessed by students following instruction. P ss.ble causes of 
misconception could include alternative frameworks existing prior to 
instruction, poor quality instruction, inaopropriate curriculum materials and 
the developmental readiness of the learners ,'Lawson » Thompson, ,988). 
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It is likely that all of these fart-nrc h™* c~ - ^ 

actors nave some influence on the origins 

of inheritance misconceptions. Developmental readiness f, , P ri„. s .. , r 

students' failure to fully comprehend probability and the role Vcha„ c 7,„ 

referr ng to the phenomenon of incomplete dominance. As students are familiar 
with the kitchen blender as a mixing device it ua s „«, ■ • Ta "" l,ar 

believed rh»t si ana • . u aS not surprising that students 

belie ed hat blending inheritance involved a mixing of genes. Tbis is po- 
mp e of misconceptions that could be traced to errors in the W rU u Z 
na eria s. It ,s lUely that some of the misconceptions arose through incorrect 
instruction. Garnett and Hackling flgaal ,„ , . A . incorrect 
were comnleiinn , " a « lln 9 [1984), ,n a study of chemistry graduates who 

the e te " ,P '° ma ° f EdU " ti0n Pr09rame ' re " ea,ed ttat many of 

t ese eachers-to.be possessed the same misconceptions held by high schoo 

a f StUd6ntS mH ' m ^ ( — tion using pre-existing 
alternate frameworks that they brought to their genetics lessons . 

The review claimed that Hackling and Treagust (1984) failed to compare t 
misconceptions of students after instruction with those revealed by 
Hob and E r,ckson pr(o r to instruction *e„ in ,. et the 



of 7-13 year-olds be ieveri I man * stude "ts in their sample 

such as a missing ftnae rmnS 2 ron ^ntally induced characteristics, 

=TonirS 

students ^^{^^^^^^ W « 

(Hackling & Treagust, 1984, P 205) 

made T^T^** * the revie " knowledges the valid criticism of the paper 
-de by the reviewer. Has discussed those issues that are a natter of 
perspective and « ^ SQm ^ ^ ^ 

error For example the Cairn that ..."it is suggested ihy Hackling , y re agust, 
nee ,s not important because it is difficult to understand len ' 

dear y and explicitly stated that the role played by chance is essential to 
human genetics (p206). 10 
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When ,oo ,«, back over the past decade there has been considerable research 

into students' learning difficulties with g»„ e n cs „, . 

genetics itself. The cognation of these tVac i • " '" 
future of genetics education. """^ aUge " ~" f ° r the 
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